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Welcome to 





lf you're curious about the world we live in and everything in it, 
you've come to the right placel In this new volume of How It 
Works Book of Amazing Answers to Curious Questions, discover 
the elusive explanations behind life’s most intriguing 
conundrums. How do landslides happen? Head to the 
Environment section to find out. Have you ever wondered what's 
harder: brain surgery or rocket science? Flick to the Science 
section. Are you interested in finding out what the technology of 
2050 Will be like? That's in the Technology section. With sections 
dedicated to six themes, including Space, Transport and History, 
you are sure to satisfy your hunger tor knowledge within these 
pages. So ifyou've ever pondered how Earth got its core or how 
fossils are formed, join the cluband continue reading! 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


X Environment 


14 Howcan we save the world? ~£, What are brinicles? 

1 Whatare crystal giants? 25 Howlongcan animals live? 
“2 Why do rivers meander? 26 How do we predict the weather? 
2.0 Whatisa soybean plant? 2 Whatcausesa landslide? 

2) Dosnakes need two tongue tips? “© Howare rocks recycled? 

“1 Why do whales become beached? ‘)). What causes wind patterns? 

~~, What are Earth's land habitats? 2 Bitesize Q&A 

-., Why are rain clouds grey? 











‘‘Noother esee 
organism in Earth’s 
history has altered 
theenvironmentso /_» 
much, so quickly?? //4 
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2 David Corby, Peter Craven, Sitm, Science Photo Library; Thinkstock: Dreamstime 


What will life be like in 2050? 

How do keys open doors? 

How do food blenders work? 

How do we turn waste into energy? 
Howare digital images captured? 
How do wristwatches tick? 

How do industrial robots work? 
What's inside Apple's HomePod? 
How does new tech fight fires? 
Bitesize O&A 





i Space 


64 What future could we have 
in space? 


70 How fast are you moving? 
JO Howarespacecrafts docked? 
"71 Whatare white holes? 


") 2 What does the Sun look like from 
other planets? 
‘/4 What animals have been to space? 
75 How far can we see? 
76 How do frozen worlds form? 
76 Howdowesearch for 
super-Earths? 
J’) What near misses will Earth have? 
78 Whatis the Sun made up of? 
50 How do gas giants form? 
Bas Glan 


21 What will Juno help us discover 
about Jupiter? 


2 Bitesize Q&A 
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WERS TO CURIOUS QUESTIONS 











—— “+ ak ’ | ©&© What's harder: brain surgery or 7 What is the blood-brain barrier? 
eee rocket science? 98 Who doyou think youare? 

ee Soe oN Coour hearts Dent? 1.00 Whatmakes hair curl? 

: 4 6 Whatis the pH scale? 100 Why doourears pop? 

> } 96 oe out ofrare 101 What'sinaname? 
) 1.02 Whatif the magnetic field flipped? 
1.02 How do dogs drink? 
10°) Whatare enclosed eco-systems? 
1.0.4 Whatif gravity was twice as strong? 
1.0.4 Whatare the colours of blood? 
105 Isthere sucha thing as 
106 Howdo hydraulics work? 


10°) How do nuclear power plants work? 
104 Bitesize O&A 








— ——— _ 14 Whatare the prehistoric monsters? 
120 What was the first colour film? 
12.0 Whatis medieval siege mining? 
12%. How was the Washington 
Me Monument built? 
122 Whatdid it take to becomea knight? 
i> What jobs were there in the 
Middle Ages? 
124 What was surgery like in the 
Victorian era? 
| 126 Whatis the significance of 
| Fabergé eggs? 
ED aaa Me cl _ 12’) Howwas the Thames tunnel built? 
me le i 12°) Whatare the world’s tallest statues? 
AB SRR, °° Whatwasthe biggest sloth? 
1/2. Coa 2 | 129 Howweret ters built? 
130 Howdo fossils form? 
le] 132 Bitesize Q&A 


a Bob Lord, Alatey. Thinkstock: Science Photo Library 
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~ Willrockets replace planes? 

» How does acar wash work? 
How do gliders stay airborne? 

~) What are shipping lanes? 

How do cat's eyes work? 
Why do leaves on the line 
affect trains? 
How do wingsuits work? 
How does the Sailrocket 2 worl? 
How does the Falkirk Wheel work? 
How do trams work? 
How do you balance ona unicycle? 
What makes up a road? 
How do trains change tracks? 
Bitesize QGA 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 
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Environment 





























7 umans only make up about one ten 

thousandth of the biomass on Earth, but Aro cron i 
our impact on the planetis drastically out sais fy . a eee 
of proportion to our numbers. Inthe last 250 years -laaelialskea 

we have added over 400 billion tons of carbon to the 

atmosphere and approximately half of that has 
happened since the mid-1980s, No other organism 
in Earth’s history has altered the environment so 
much so quickly. 

It’s notjust the amount of pollution we produce 
either: humans have invented entirely new kinds 
of pollution too. Polythene, 
chlorofluorocarbons, 
organophosphates and synthetic 
hormones didn't exist inthe 

























Halting the use of CFCs, 
HCFCs and halon products 
) preserves the ozone layer 

thatshields us troamthe 
Sun's WV rays 















Cloud seeding 
Injecting the atmosphere 
With thoy particles for 
Water vapour to condense 
on encoura Bes clouds to 





environment until humans created ? a , a = oe ; : edie " 
i = : L i i ici y =i elf ir 
them. Other toxins, like heavy metals more sunlight. 


and radioactive isotopes, were only 
there in trace amounts until the 

industrial age found new ways to refine and 
concentrate them. These pollutants are toxic | 
because they are too new for life to have evolveda 
way of dealing withthem, which means they don't 


. 





4 ' 
1 r ' 5 5 Ad ih 
ret broken down either. Giantreflectors itl OF bit yh 
| , Apiant space Mirror could lower Hr 
A 2007 study found more than 24 synthetic Earth’stemperature by as muchas ae 
chemicals and pesticides in wild salmon -and three degrees Celsius ma soft. 
non-toxic pollutants can be just as harmful, aa 
Fertilisers that run off the land into rivers can cause 
such a sudden explosion of algae that waterways Stratospheric aerosol release 





are blocked with green slime, When this diesand We could shield Earth by replicating the 

| aml a Ss eliects of big valcanic eruptions, sending 
decays, the surge in bacteria depletes the water of | aerosols high Into the stratosphere, ‘. 
oxygen and kills off the fish. a SS i 


But pollution is entirely within our power to e ——= 
control, In 1952, the Great Smog of Landon 
killed an estimated 12,000 people over 

















































four days, but four years later the Be i Genetically 
Clean Air Act was passed and air 4 + = B) Niteuscnidetagicenh NG 
: dae, : Me lM i ALOE TS od Ree TOUS , 
quality steadily improved. The ©) gas 296 times more potent et 
countries thatwereoncethebiggest than CO. GM crops need less Reforestation 
mca at ws tt fertiliser, which reduces Vepetation isa vast 
paler AES a aeen the first to es a nitrous oxide enussions, a8) engine for carbon 
introduce emissions standards, Just & dioxide turnover - 
50 years ago, New York City was - | a Ing In a eve 
a DOLel BASES) le 
plagued by a dense smog responsible for ‘“v S| pumping out oxygen. 
around 24 deaths per day, butair pollution — = Pe : 
legislation and incentives have helped to Hari fertilisation 
drastically improve the city’s air quality. The Big This encourages algal 
Apple is even working towards achieving the pauine: ee 
Ae La De aH 
cleanest air of any major US city by the year 2030. strata of ocean, and 
The technological progress that created the form the base of the 
pollution can also be harnessed to curb it. Cleaner Be nesta 


| Greening deserts 

Anincrease in vegetation allows more 

) carbon dioxide to be taken up, and 

) reduces the amount of heatreflected from 
the pround back into the atmosphere, 


fuels, more efficient engines, betterrecycling, and 
environmental clean-up technologies are all being 
developed to slow the rate at which humansare 
poisoning the planet, From huge, garbage-sucking 
machines in the ocean to neighbourhood recycling 
schemes, there isa way for everyone to help ensure 
that Earth's most polluted century is behind us. Sh 
| Pump Ee CO2 into rocks 


Ocean storage of CO2 would eventually 

acidify the ocean, soa more feasible idea 
is ta store the liquid CO2 into porous rack 
strata underground. 
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Pump liquid CO2 into deep sea 

COs could be liquefied under pressure from 
industrial exhaust gas, and pumped into deep 
ocean waters, where it would remain dissolved. 












<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


Ground pollution 


The toxic chemicals lurking beneath the surface of our poisoned planet 


I and pollution isn’t just about the space 
that is taken up by landfill. A city the size 
of New York could fit all of its rubbish for 

the next thousand years ina landfill 56 

kilometres long by 56 kilometres wide. That 

sounds like a lot, but that’s the waste of just2.5 
percent of Americans buried in justo.o3 per cent 
ofthe country’s land area. And that land isn't 
gone forever—eventually a landfill site will just 
become a grassy hill. 

The real source of land pollution is all of the 
other things that don't end up in landfill. Copper 
and aluminium mining generate huge piles of 
powdered rock, called ‘tailings’, left behind after 
the metal has been extracted. These tailings are 
high in toxic heavy metals, suchas mercury and 
cadmium, and aluminium mining alone 


fenerates more than 77 million tons of tailings 
worldwide every single year. 

Modern farming also requires more than just 
sunshine and rain. Inthe UK, farmersaddan 
average of100 kilograms of nitrogen fertiliser to 
every hectare of arable land and grassland each 
year. Whatever the crops don't absorb gets 
washed into the groundwater and ends up in our 
rivers, going from land to water pollution. 

The low-tech solutions to land pollution are 
the three Rs: reduce, reuse, recycle, and these 
are in decreasing order of effectiveness. 
Reducing the amount of cardboard or cabbage 
you need to buyin the first place has a much 
bigger impact thansimply recycling all the 
leftovers, because it also saves the energy that 
would have been required to process and 
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Inside a single-stream recycling plant 


The machine that separates your recyclables so you don't have to 
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14 How It Works 


Tipping floor 

Asteady stream of recycling collection vehicles 
arrives at the facility, dumping their cargo of 
mixed recyclables out onto the tipping floor. Drivers look 
out forany oversized objects like car engines that would 
cause damage to the plant machines. 


Powerfll loaders shunt piles of assorted 
recyclables into a large hopper, where they are 
tumbled over a rotating drum to loosen compacted 
materials. They then flow onto a giant conveyer belt, 
which whisks the jumble into the main facility. 


Manual pre-sort 

Teams of human sorters pick out non-recyclable 
items from the fast-moving stream, including crisp 
packets, plastic bags, shoes and nappies, as wellas large 
items like scrap metal that might jam the machines, 









transport them to you, and then collectand 
recycle them again afterwards. 

But there are high-tech pollution solutions as 
well. Bioremediation uses selected strains of 
naturally occurring organisms to break down 
contaminants in the soil. Wood fungi for 
example, have been shown to be able to break 
down the toxins in oil spills and also certain 
chlorine pesticides. 

Heavy metals like cadmium and lead can't be 
broken down, but certain plants will take them 
up through their roots and store them in their 
leaves or stems. This technique, whichis known 
as phytoremediation, uses plants to soak 
pollutants from the ground so that they can be 
removed more easily, Chinese brake fern can 
even filter out arsenicin this way. 





Star screen sorting 
Aseries of vibrating, rotating shafts, fitted with 
offset star-shaped discs, lift large and light 


materials like cardboard upwards; smaller items like 
paper, bottles and cans fall through and continue onthe 
conveyer belt. 


Medicinal wonder 
Fora second time, teams of human sorters stand at 
intervals along the conveyer belt and lool out for 


any smaller contaminants that might have snuck into the 
mix, such as personal electronics, trinkets, wallets and 
pieces 


6 


of food. 


Star screens round two 
Atrio of finer-grained star screens sift out different 
prades of paper, which are directed towards 


dedicated storage units. Glass, metals and plastics fall 
through the screens again and continue on the conveyer belt. 


Environment 


















Glass sorter ‘ 
As they fall through the star screens, glass 
| containers get crushed by the rotating stars. The 
fragments fall into bins below the screens, and are 
transported off site to be sorted by colour and ground into 
Coarse sand. 


Steel magnet 

The remaining materials pass under a powerful 

rotating belt magnet, which lifts out tin and steel 
cans and drops them into a storage bunker. This usually 
only removes around four per cent of the recyclables 
passing through the plant. 


Eddy current separator 

Since aluminium isn’t magnetic, itis picked out 

using a strong reverse magnet called an eddy 
current separator. This uses spinning magnets to inducea 
currentin the cans, which makes them fly off the belt and 
into a bunker. 





oe pean eine ee (PET) y 


Optical sorting with IR lasers 
Aseries of vibrating, rotating shafts, fitted 
with offset star-shaped discs, lift large and 

light materials like cardboard upwards; smaller items 

like paper, bottles and cans fall through and continue on 
the conveyer belt. 


. Manual sorting 
The remaining plastics are carefully sorted by 
‘teams of workers. They also perform a last 
check, picking out and redirecting any recyclable items 
that have been missed by the mechanical processes and 
remain on the line. 


Baler 

One ata time, the bunkers are opened, 

pouring out plastic, cans, metals or paper. 
Baling machines compress these into cubic bales ready to 
be taken to reprocessing plants for recycling. Any leftover 
materials at this point go toa landfill site, 
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AMAZING ANSWERS TO CURIOUS QUESTIONS - 





Airn alee Atmospheric 
Alr pollution | pollutants 
With the potential to cross international ee ge 


boundaries, air pollution is a truly global problem ene ee 























Carbon monoxide 
(CQ) 


ir pollution is the introduction of gases systems, soot scrubbers and catalytic converters. | eon ee eek 
and particles into the atmosphere that Gases that deplete the stratospheric ozone layer fossil fuels burn incompletely, 
have harmful effects on living creatures most aggressively have been outlawed and Ce elle esta a 
and the builtenvironment. Accordingtothe World replaced by safer compounds, and today it's the elt Lela 
Health Organisation, 7 million premature deaths threat of global warming that looms largest. | Ovone (O.) 
are caused every year by people inhaling polluted There is growing evidence, however, that | ERE gues RVC imsl agro 
air—that’s one in eight deaths worldwide. Once respiratory problems like asthma might actually as an MT ee 
released into the atmosphere, pollutants are be caused by air pollution, not just triggered by it. | ie re r Hiner 
impossible to contain and - depending on Some researchers have even made tentative links | ae se eee age se aM 
prevailing weather patterns-havethe potentialto between neighbourhood air quality and rates of 
affect people who are hundredsoreventhousands childhood autism. ) Nitrogen oxides 
of kilometres from the source. As with otherforms of pollution, the bestwayto (jj sa a are ae eer 
Over the last half century, the nature of the protect the environment is to avoid releasing these h cocuri cing tl eprascanrel inesistne’ hein 
problem has altered. Inthe developed world, toxic elements in the first place. Conserving i es | eo et ae ese pete 
smog-causing emissions of noxious smoke, electricity, driving mindfully, and choosing to ground level ozone formation. 
sulphur dioxide and particulates associated with walk, cycle or take public transport are easy , : 
incomplete fuel combustion have been curbed by choices we can all make in order to breathe justa moo sate nnd ans ree 
technologies like flue-gas desulphurisation little easier, : | ree presence of pollutants, 


Petitestaner delete rel aie) 
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formation of ground level 
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Sulphur dioxide (SO.) 
This is produced during 

[psa lgn) *)(si=mete gn) e]e cad seme 
coal-fired power stations and 
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These include airborne dust, 
dirt, soot and smoke. They 
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Environment 


Ocean pollution 


From oil and debris to sewage and toxic chemicals — our seas have it all 


ceans cover 71 per cent of our planet's surface 


and contain an estimated 1.4 million species, but 
that hasn'tstopped humanity treating the sea as 


a giant, watery rubbish bin. 


We're familiar with tragic images of seabirds whose 
feathers are clogged with viscous black oil. But 
catastrophic spills from tankers account for justa 


Gyre 


The interaction of 
rhe fourocean 
CUITENES Causes 
Water lo move ina 
clockwise motion 


ATound an area ol 


- North Pacific 


Distribution 





| The plastic flotsam collects in 
a Arar ner emg ore 
fhe firstten metres al the 
water columnand isoften 


i invisible to the naked eye, 


fraction of oil pollution in the sea; street runoff, vehicle 
exhausts and industrial waste are all chronic 
contributors to the problem. 

Indeed, almost all marine pollution stems from 
activities on land. Runoff from farms introduces 
pesticides and insecticides into the aquatic food chain, 
as well as an overabundance of nutrients in the form of 
fertiliser. This causes populations of algae to spike, 
draining the surrounding waters of oxygen and 
suifocating other marine life. 

Finally, human-made rubbish is ubiquitous 
throughout the world’s oceans, where itis corralled by 
currents into vast swirling ‘garbage patches’. Many 
items, including fishing gear, glass, metal, paper, cloth 
and rubber, can take years, decades, or even centuries to 
decompose in some cases. 

The worst offenders - plastics - essentially persist 
forever, but are broken down under the Sun’s UV rays 
into ever smaller pieces. The eventual soup of 
‘microplastics’ —invisible to the naked eye- posesa 
threat to wildlife that ingests it, and to the entire food 
chain due to the leeching of harmful chemicals. 

There are no easy solutions, but a burst of new 
technologies may begin to turn the tide. In just18 
months, ‘Mr Trash Wheel’, a filtering water wheel with 
its own Twitter account, has removed over 400 tons of 
rubbish from Inner Harbor in Baltimore, US. Proposals 
for open ocean filtration systems include a solar- 
powered ‘vacuum boat’ called SeaVax, that its inventors 
claim will suck up 22,000 tons of garbage each year. 

The most common items washed up on beaches 
include plastic bottles and cutlery, and coffee cup lids. 
The pood news is that means we can help by making 
simple changes to our lifestyles, like carrying reusable 
water battles and utensils. 


Marine debris timeline 






ac milllian ema, 
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Floating storm-resistant 
Sheela ema N Tee 
over 100 kilometres, are 


moored tothe sea bed. 


The motion 

of the ocean 

Ocean currents carry 
ate Lem Dn) R Gree ers a etalecy 
PULORECUPLG ESAS aden e 
up behind them, 








How long does common rubbish persist in the ocean? 


—_ >,’ 2 ye 
Cigarette butt 
The most common item found on beach 
clean-ups, making up 25 per cent of all 
collected debris. They contain a synthetic 
fibre that takes years to break down. 





Aluminium can 
An aluminium oxide coating makes 
aluminium cans very resistant to 
dissolving in sea water. Frustratingly, they 
are one of the simplest items to recycle. 





Plastic drink bottle 

Plastics degrade into tiny pieces, but 
they never fully disappear. Americans 
alone throw away over 35 billion plastic 
water bottles per year. 
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| Thecircularaction of the 
| currents draws marine 
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debris intothe pyre and 
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The Great Pacific 


garbage patch 


How huge swaths of spinning debris have 
gathered between California and Japan é 


Natural funnel 
sUrted tte laele-f- be -w allele oe 
ina V-shape arounda 
Meta) alr eel are 
causing the trapped 
debris to gradually 
driftinwards. 





Central platform 
This extracts the 
concentrated mass of 
microplastics and stores 
it for branspart to 


cme nara esto Vue 





Disposable nappy 

Nappies are made from multiple layers, 
including various long-lived plastics like 
polythene and polyester. They easily 
outlive the child that wears them. 


Thinkstock, Dreamstinie, Enwin Zea’ The Ocean Cleanip 
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Deep under a Mexican desert 
lies a mysterious cave that’s 
beautiful but deadly 


~wo brothers were drilling in the Naica minein 
Mexico when they uncovered a geological 

wonder of the world, hundreds of thousands of 
years inthe making. The Cueva de los Cristales, or Cave 
of Crystals, isa glittering palace covered in some of the 
largest crystals anyone has ever seen. Measuring over 
11 metres - roughly the length ofa bus -they have 
thrived in the extreme conditions of the cave. 

Temperature is asweltering 44 degrees Celsius and 
up to 100 per cent humidity means the air you breathe 
quickly condenses inside your lungs. Geologists hell 
bent on exploring the cave and living to tell the tale 
had to don specially designed suits, strewn with ice 
packs. Ifthey had taken their respirator mask off for 
more than ten minutes, they would have fallen 
unconscious. However, what proves deadly for 
humans are actually the perfect conditions for 
growing crystals. 

These monstrous structures are made of a soft 
mineral called selenite, and formed from groundwater 
saturated with calcium sulphate, which was heated by 
amagma chamber below. As the magma cooled, the 
minerals in the water started to transform into selenite 
and steadily built up. The cave’s aldest resident is 
600,000 years old — forming at the time when the 
ancestors of modern humans first appeared! 

The crystals only stopped growing when miners 
unintentionally drained the cave in 1985 while they 
lowered the water table. But when the mine stops 
being profitable, the owners of the Naica mine will 
remove the pumps and the cave will flood once more. 
The crystals will be lost, but we can take comfortin 
knowing there must be more hidden marvels like this. 
“We know more about the outer edges of the Solar 
System than we do about the first kilometre of the 
Earth’s crust,” Professor lain Stewart told the BBC after 
exploring the caves. "We can be sure there will be 
discoveries even more spectacular than Naica.” 
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<= AMAZING ANSWERS TO CURIOUS QUESTIONS 


Why do rivers meander? 


Find out what factors cause rivers to curve 


he winding curve or bend ina river is the 
result of erosional and depositional 
processes. River water flows around 





+ 


various obstructions, such as stones and rocks, 
which results in different areas of slow-and 
fast-moving water, 


pools move to opposite sides of the relatively 
straight channel. 

As fast-flowing water erodes the outside of the 
pool and slow-flowing water deposits various 
materials on the inside of the pool, meanders 
begin to occur. 


Deeper parts of the river contain slower areas 
of water and are filled with fine sediments, These 
parts are known as pools. Shallower parts of the 
river contain faster areas of water and larger 
stones. These areas are called riffles. The river 
flow swings from side to side and, over time, the 


How does a meander form? 
suhadweete 












Rivers gradually change shape as land is 
lost and gained over time 


that can grow to more than two metres high. 
It thrives in warm, fertile, well-drained 
sandy loam. The flowers are self-fertilising, white or 
purple in colour, and there are up to four seeds per 
pod, which are mostly brown in colour. 

The soybean isan annual legume of the pea 
family. As one of the richest and cheapest sources of 
protein, it provides vegetable protein and 
ingredients for hundreds of chemical products, 
making it economically the most important bean in 
the world, 
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As the water flows, 
land is lost to erosion 
while land is gained 
through deposition 


he soybean plantis an erect branching plant 


Fastest current 
Fast-moving wateronthe 
outside ofa forming bend 
has more energy with 


Slowest current 
slow-moving water on the 
Inside ofa bend has little 








Deposition which to erode surfaces. energy to erode or 
transport material, 30 it 
deposits lt instead. 

Fastest | 

water flow 

Erosion 


Lateral erosion 
Astheriver flows 


[rom side to side it 

causes lateral erosion — 

tothe riverbank. Deposition 
Deposition ofsand, 


gravel pebbles and 
other materials occurs 
on the inside curves of 
the meander. 


at is a soybean plant? 


Introducing the most important bean in the world 


T 


Commonly consumed assoy milk and tofu, the 
beans can also be eaten asa vegetable in salads and 
other meals, or crushed and fermented to produce 
soy sauce and miso. lis oil can be processed into 
margarine, shortening and vegetarian cheeses, and 
even used industrially in paints, adhesives and more, 

Botanists generally claim that the soybean plant 
was domesticated around 7,000 BCE in China. 
However, although it’s been used in the east as a food 
and a medicine component for thousands of years, 
the west has only been aware of its nutritional value 
for the last 250 years. 


The soybean plant.can be 
cultivated in mast types of-soil 
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Do snakes need two tongue tips? 


Discover the secret behind a snake's three-dimensional sixth sense 





ustas humans have two ears to help 

them locate the source of a sound, snakes 

and some lizards have two tongue tips to 

help them work out the origin ofa smell. 7 
However, it’s not the tongue itself that detects Vomeronasal organ 


The snake runs its tongue 









the smell. Instead it transports the odour along two thin ¢rooveson 
particles to a vomneronasal organ inside the the roof ofits mouth, 
reptile’s mouth, which helps a sensory organ Sensory organ , 

work out what the smell is and where it is Asmall sensory organ can 

coming from. As most reptiles also have noses, detect the odour- producing 


this ability is not a replacement for smelling, chemicals in ent 


but serves as an extra sense that makes it 
easier for the animal to sniff out the location of 
its prey or a potential mate. 


Smelling like a snake 
The anatomy that gives a snake its 
superior sense of smell 


Dual tips 

The two forks of the 
tongue collect scent 
particles trom the air. 





3D sense 

ifthesmell collected bythe 
left tip is stronger, it must have 
originated on the snake's left. 


Why do whales become beached? 


The mystery of why whales become stranded on the shore 


F 


inding large groups of whales stuck on beaches is becoming a more 
common occurrence across the world. Experts don't have one clear 
reason to explain why, but they do have several theories. 

It could just be that illness, injury, genetic mutation or even old age 
leaves the whales too weak to resist currents that push them ashore. 
Alternatively, changes inthe whales’ environment, such as bad weather, 
rising ocean temperatures or pollution could cause them to become lost, or 
they may simply follow prey into the shallows and become trapped bya 
low tide. 

Another theory involves ship technology. In 20014 study founda 
correlation between mass whale strandings and the use of underwater 
sonar by navies to detect submarines. As whales also use these sound 
waves to navigate, they could be causing them to become disorientated. 

Very social animals, whales often travel in groups called pods, and it's 
likely that when one becomes stranded, the rest ofits pod will naturally | 
follow or perhaps try to come to its rescue, resultingina mass beaching. But (RAseMeems ills So Sle Seats 
things may improve. In July 2016 a US court banned the use ofa sonar ait abies “ 
system that harmed marine life, 
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hat are Earth’ bitats? 


From climate to wildlife, how do our 
planet's incredible biomes differ? 





Coniferous forest 

Coniferous forests are found in temperate 
regions of the world, suchas North America, 
Europe, Russia and Asia. They are made up 
mainly ofeverrreen cone trees like spruces, 
hemlocks, pines ancl firs, which thrive in short, 
cool summers and long, harsh winters. 


Deciduous forest 
Deciduous forests exist inareas that go through four 
distinct seasons, so wildlifeadapt to survive in both 
Warm simmers and cold winters, Forexample, trees 
have thick baricto protect them from the cald. In 
autumn, the leaves change colour; they then fall tram 
Ihe trees in winter and prow back in spring. 


Temperate grassland 

Lacking in trees and shrubs, the dry 
grasslands of Africa (veldts|, North 
America (prairies), south America 
[pampas) and Eurasia (steppes) have 
nutrient-rich soils that are ideal for 
srazing animals. Although home ta 
manyanimals, such as bisonand 
antelope, here is tthe diversity in - 
terms ol wildlife, 


aga) = [ae t= ate] a) [ee eee |e smece, siete a 
| ice for most of the year 


Mediterranean 

Mediterranean habitats have hotanddry 
summers, but cool anc moist winters, 
Experiencing low rainfall, butstiliimore 
than in desert regions, manyanimalsand 
plants have adapted tasurvive inthese 
conditions, These ecosystems are teeming 
withinsect species, and home to plants that 
have adapted to conserve water, 


Tundra 
Home to reindeer, hundras are dry, cold and windy. 
Covered Insnow (or most ol the year, the harsh 
landscapes have extremely low temperatures, poo! 
nutrients, little precipitation and short prowine 
seasons, The tew plants and animals that live there are 
well adapted tothe long, cold winters, though. 
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Mountain 

Rising above the surmounding landscape and 
DUN On all continents, mountains are 
uniquein thatthey contain other land 
habitats withinthem. Aerassiand might 
exist atthe base ofa mountain: you could fined 
1 LS iferous ores LT he CPALE The4re ay 


even be atundraat the top. 






























Savanna 

Comprised of tropical erasslands, the open 
andscape of asavannats littered with 

shrubs and isolated trees. Despite havinga 
wet and dry season. savannas have warm 
temperatures all year round. Perfect fo 
herbivaeres, such as elephants and zepras, 
Wimal (types vary depending on where in 


i _ cul ey E 
FRc eric bhp acca | Pet 
DE WO Te Sava lie ts. 


Polar ice 

Covered in ice tor mostol the year, tl 
Arcticand Antarcticain the Northand 
South Poles are the coldest regions on 
Earth, Marine animals populate the 
waters, while pol rhea anid penguins 


1 5 5 1 
Ao cr “el teehee ee 
LP On in. In ihe nor dnd SCHILA 


. i re7 t F i i 
respectivery. The only plant ile is algae. 


Menai Bn ay cs ee 
biodiversity inthe desert 





Tropical rainforest 
Home to more animal and plant life than 
any other habitat, tropical rainforests 
experience a constant hot temperatur 
ind high rainfall, Neartoa the equate 
and therelore exposed lo plenty ol 
sunlight, the humidity and dense 
vegetation provide a unique water and 


nutrient eve le. 


Hot desert 

Where rainfall ts less than 25 centimetres per year, hol deserts are 
ee t 5 . = 7 7 | 2 c 1 = if bo | . . pao . o_o! : 
BO cry that it's qifticult for plant lite to prow. Reaching temperatures 
Of up to 90 degrees Celsius during the day but turning very cold at 


1 rn “ = Pi / 
Went. there isa low level ot biodiversity. 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 





clouds grey? 
The reason why overcast days are so dismal 


ounderstandwhycloudscanappeargrey, scatterthe lightinall directions. The droplets are 


you first need to know why they also smalland spread out enough to scatter the entire 
appear white. It's all to do with the spectrum oflight, which means that they will 
reflection of light. Cloudsareformedwhenairand appearwhite. 
water vapour near the ground warms up and rises. As more water droplets gather and the clouds 


Asitgets higher, the watervapourcondenses,and grow larger, less lightis able to penetrate through 
the droplets join togethertoformclouds.The more the cloud. What we see from the ground appears 
condensation thereis,the more dropletsthereare grey because less light is being scattered to our 
and the bigger the clouds become. eyes, Asthe water droplets within the cloud get 

When light from the Sun passes through these larger, this effect is enhanced, which is why clouds 
large accumulations of water vapour, the droplets appear much darker just before it rains. 


oo] ta ee ee 

1 , 1 c Sunlight seq ice above kick-starts 
Light and clouds Light from the the formation of this 
How sunlight changes how we see the weather Sun shines into deathly marine icicle 
a 

the cloud, 


which is 
, 41 formed as 
Clouds build \ ‘ Water VaDOUr 
As more water i 1 coolsand 
Vapour condenses, } condenses, 
the clouds begin ta ™ 

Brow, becoming 








laller and thicker, => 
ng | = Reflection 

.  — The smal! 
Grey clouds Rainfall 2 e 2 3 4 \ droplets that 
Less light The grey elect , \ irst form a cloud 
penetrates thick | intensifies as the ni 7 = w \y reflect the entire 
clouds, making WY clouds prow | spectrum of 
them appear prey larger, just heftore light, makingit 
from underneath, It rains, look white 
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Cat 
Domestic cats typically live ror 
iS years, ory din‘caty Pays 


) The common toad lives tor up 
Insect logo years, but most specles 
Most insects live tora year or live for just five to ten. 
less, The may ily has the 


The average lifespan ofa 
| horse is 20 to 25 years, 

although this varies 

depending on the breed, 


Most parrot species have 
an average lite span of 
ove T30 years. Cockatoos 
and Amazoni af parrots 
can live forup to 75 years. 








| swan 
. : Swans can live for upto 950 
years, but the dangers ofthe 
Human Wild mean that many only 
The global average | reach seven to12 years old. 
lifeexpectancy for 
humans e717 years, 


“i ) Elephant 
: African elephants live 
for bo to jo years in the 
, Green sea turtle } wild, although their 
- lifespan typically 


| halves in captivity, 





Blue whale | p 
The world's largestanimals havean : 

averdee lifespan of fo ta go years, while 
other species of whale can live to be 2oo. 
Born when... 


earl mussel 
One of the lonpest living Invertebrates, these 
molluses can live foroveracentury, growing § te 
an extra layer on their shell each year. gigs _ 
Born when... +" 
World War l was underway = 





Queen Elizabeth Il was born in 1926 





te) 


) Giant tortoise 
L6O | Theslow metabolism of giant 
| tortoises means they have an 
average lifespan of overi00 | 180 
years, with some living to the 
ripe old age of 140. 
rai) 8) | Born when... 
) Abraham Lincoln was 
| President in the 18605 











= a 
) 380 


Greenland sharl | 
nas tonesthy cioooveted The oldest vertebrate on au 


that Greenlandsharks can 
live for 400 years or more, 
due to thelrincrecibly slow 


mea We oe ie ered that Greenland sharks are the fongest-lived vertebrates a 


Earth. They have a growth rate of one centimetre per year, with an average lifespan oj 


erowth rate of ane - ee are eae al ee le ee ee Ne ee cle ee ee eS eee 8 
; h 

CENTIMetre pervyedr. + Cee pee ee eg gt lr te a ee ees es | Bee eee 

Born when... 7 ede eee eae el oe eee SiMe ee ee eee lene ee) f? to ol7 vears oa 


Web ain a hee 


| Shakespeare died in 1616 
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Discover the method that 
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Data collection eek ee 
| | : = ae 2 Data from receivers all over , 7 eee |) Se Tete 
helps us pI eCpa\&e for the the world is transmitted toa Station f ea ae 
ase es a variety of hubssuchasthe o> ee 
elements, come rain or shine World Meteorological lial (| | [@ 

Association in Switzerland. a t ’ Launchable 
he weather affects usall, every day. From governing ey : Y sounding 
the difference between life and death, to providing fry i “ probe 
a conversation topicto fill awkward silences ata «| | “i . arr 


party, itis an ever-present and ever-changing part of life. 
This means that predicting it accurately is a hugely 
important task. 

In the UK, the Met Office is responsible for weather 
monitoring and prediction. Before a forecast can be put 
together, measurements fram thousands of data recorders 
across the world are collected and analysed. Every day, 


ttt | 


Data from the air 


Satellites, weather 





around 500,000 observations are received, including balloons (carrying ee x ———— 
atmospheric measurements from land and sea, satellites, Se ey Xl = “ / on 
weather balloons and aircraft. But, this is still not enough various parameters ae | Aircraft 
to represent the weather in every location, like temperature and Boat ( bo 

To fillin the gaps, the data is assimilated. This combines composition of the i Buoy 
current data with whatis expected, to provide the best hartiysetmosphere. ( ay 
estimate of the atmospheric conditions. To produce an Marine —— 
accurate forecast, the data has to be fedintoa sounding 
supercomputer that creates a numerical model of the probe 


atmosphere. The process involves many complex 
equations, and the Met Office’s IBM supercomputer can do 
more than1,000 trillion calculations asecond, running an 
atmospheric model with a million lines of code. 

Forecasters can use this data and techniques suchas 
nowcasting - using estimates of current weather speed 
and direction — to predict the weather inthe hours ahead. 
For longer range forecasts, further computer models are 
relied upon. 


Land-based data 


Instruments on land 

Measure temperature, 
atmospheric pressure, 
humidity, wind speecaned 
direction, cloud cover, 
visibilityand precipitation. 





i 












: als 
Sh Ip measureme nts eat 
Specialised ships, research 
Craltand volunteermerchant | 
vessels take marine 
measurements and send the 
data to be analysed. 






i 


Meteorological station 
Small weather stations take local 
readings, with thermometers for 
lermperature, hygrometers for 
humidityand barometers to 
measureatmosphericpressure. | 


















Data from the sea 
Ships and buoys measure water 
temperature, salinity, density anc 
reflected sunlight, aswellaswind 
speedand wave data 







Autonomous Underwater Vehicle 
AUVs canremotely cruise the depths, and 
send back data regarding ocean 
temperature, salinityand density, The 
maximum depth that canbe reached by the 
ALY is 2000m. 
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Radiosonde 


ThISSMAalLINSHMUMeNt IS aTTACNEC 00 A | cli 
helium orhydrogen balloon and lakes 


airborne measurements of pressure, 
temperature and humidity. The 
altitude thatcan be reached bya 
radiosonde 15 75,000Mm. 


Satellites 

Geostationary and polar 
orbiting satellites record cata 
and produce tmagery toa show 
forecasters the fog coverage, 
height ofthe cloudsand 
precipitation in the alr 


Meteorological aircraft 
Data comes from either specialist meteorological 
planes, or from the automatic recordings of 
commercial fights. Specialist meteorological 
aircraft can reach altitudes of 10,000m. 


JetG4Vv 
6-[Vaircrattreachan 
Altitude of13,000m and drop 
sounding probes towards 
the proune., 





ee Launchable sounding probe 
all Dropped tram an aircraft, this 

probe can measure wind velocity, 

temperature, humidityand 

pressure as it falls. 





~~ Parachutes prolong airtime 


Radiosonde sends 
information to base 


Hurricane Hunters 
These modified Lockheed P-9 Orion aircraft, whith 
are equipped with state-of-the-art instruments, 
anda heh sensitive Doppler radar. The F-3 
aircraftreach analtitude of 4,270m, 


Scale: 12km per slide 















Aerosonde Experimental - 
This unmanned research craftis model / 
capable ulsampling and recording 
weather data swiftly and 
accurately, They can reach an 

| altitude of 765m, 


ae Strongest winds a Scale: 1.3km 
| per slide 















Meteorological centres 
| Allotthe data recorded is assimilated in 
these centres, as wellas belng analysed 
and distributed tor more local predictions. 


The future of forecasting 
New modelling techniques that 
account forchanges in humidity, 
lemperature, Wind velocity and 

| cloud activity could make 
lorecasting more accurate, 


‘Anemometer j 








Data transmitter. f 7 


= Soarpone 


Weather buoys : Rata = 
Either tethered or free-floating, buoys Me gt i oe ae 
are furnished with instruments to 



















take meteorological measurements Maritime sounding pr obes Rai dar station 
where ships c ahtordont go. Dropped trom aircraft inte the sea, these Radar is used in meteorology to measure the 
| 2 a Sertaees it — probes are often called 'dropsondes’ and Intensity with which rain, snow, sleet or 
cansampleand transmit data hack to base. hailis falling. 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


Types of landslide 


Landslides can be classified into five main 


categories, each behaving differently depending on 


the terrain and conditions 


Rock fall 

This is the fastest type of 
landslide and Involves 
rocks rapidly and 
suddenly tailing froma 
cliforsteep slope. The 
loss of ground support 
ean be caused by ice 
wedping, rooterowth or 
pround shaking. 


Debris slide 
Theseare often caused by heavy 
rain or rapid snow melt, causing 
soll and fragmented rock lo move 
downa steep slope, These tend to 
occurin areas undercut by erosion. 


The forces of nature involved in these 
sudden and treacherous collapses 


wy valanches, earthquakes, volcanoes 
Z x \ -natural disasters are a powerful 

/. © sreminder that mother nature defines 
our landscape. Unpredictably shifting and 
shaping the habitats that we have populated, 
these events can cause wide-scale 
devastation and dramatic changes on the 
Earth's surface. Landslides are one of these 
natural disasters. 

The term ‘landslide’ describes a category of 
mass movement that happens on cliffs and 
mountain faces. They occur when the rock, 
earth and debris clinging to the side ofa 
mountain or slope succumb to the forces of 
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eravity. While some types of landslide hurtle 
towards the ground and result in catastrophic 
destruction of communities - wrecking water 
and gas supplies, destroying homes and 
blocking roads —- others inch down the slope 
over the course of years. Seismic activity and 
weather conditions like extreme rainfall 

have been shifting soil for millennia, but 
increased human activity means they are 
occurring even more frequently. 

One of the most commonly observed causes 
of landslides occurs when cliffs or mountains 
become heavily saturated. The sail canslip 
more easily in areas of deforestation, for 


example, because the lack of trees means 
that there is no root system to protect against 
erosion. Clear-cutting methods of timber 
harvesting, which pull up existing root 
structures, increase the likelihood ofa 
landslide occurring. Mining with detonation 
techniques, which generates strong 
vibrations that shudder through the ground, 
can also enhances the risk of a landslip. 


Environment 













Mudflow 

This ts the sudden and very 
rapid movement of saturated 
Soil (soil filled with water) 
downa slope. These are often 
triggered by earthquakes o 
volranicactivily, 


Any sort of destabilisation 
of earth can lead to 
catastrophic landslides 
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Slumping 
Ashumping landslide results 
ind large block of material 
moving downa curved 
surface and results in scarps 
jsmall crescent-shaped cliffs}. 
These are often caused by 
seismic activity, reezing and 
thawing or water saturation, 


Downhill creep 

This isa slow, downward 
progression of earth caused by 
numerous tiny movements that 
create permanent deformations 
ol the land. They can lead to 
broken walls, leaning poles ane 
curved tree trunks, 


“ Landslides occur when the rock, earth and debris clinging to the 
side of amountain succumb to the forces of gravity » 
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How the rocks on our planet are weathered, lalla lal Cas at. 
worn and transformed countless times —— Qo 
a ur planet is covered with different types of rock, from great extreme heat and pressure that compact rock into a metamorphic 
_ mountains to molten magma to grains of sand —and all of form. The planet's core generates intense heat that melts the lower 
“these forms are connected by the rock cycle. This model mantle into magma. This magma becomes igneous rock as it cools, 
shows how the three main classifications of rock —-igneous, either at the Earth’s crust or above the surface when it is ejected in 
sedimentary and metamorphic —are able to morph into one another volcanic eruptions. 
as different forces act upon them. The rock cycle isastory of rebirth and recycling, where the old 
Wind, rain, snow and ice gradually erode mountains and cliffs to provides materials for the new. The cycle takes thousands if not 
provide the material that will eventually be compacted to become millions of years, but we can see snapshots of the process: waves 
sedimentary rock. The internal structure of our planet itselfalso crashing against rocks, shifting glaciers and dramatic volcanic 
plays an important role, The mantle —a 2,900-kilometre-thick, eruptions all provide glimpses of the processes that govern Earth's 
semi-molten region found beneath the Earth’s crust —- provides ever-changing geology. 


The rock cycle 


The forces of nature are constantly 
morphing rocks into different forms 





Weathering and 
ETosion 

Weather conditions suchas 
heat, wind. rain, snow and ice 
take their tell on mountains 
and cliffs, and the rocksare 
slowly eroded, breaking them 
into smaller fragments called 
sediments, These are then 
Carried away within bodies 
olwaler, suchas streams 

and rivers. 







leneous rock 

leneous, which means ‘born of 
ire or heat, istherocktype 
formed when molten mazma 
cools enough to become solid. 
Intrusive igneous rock forms 
When the Magma Coot Slowly 
under the Earth's surface, and 
exirusive igneous rock forms 
when the mapma cools rapidly 
onthe surtace, such asattera 
volta nic PT I] LEON, 


Sedimentary rock 
Whensediments eventually 
settle. they are deposited in 
layers thataccumulate aver 
millions ofyears, The weigh 
ol the layers compresses the 
sediments at the bottom, 
squeezing out waterand 
enabling crystals to form, 
These crystals acta bitlike 
cement, gluing the pieces of 


rock together, 


Rising heat 

The intense heat lound below 
[the suriace =sometimes 
stemming trom the planet's 
superheated core—-can 
Generate temperatures up to 
L300 deprees Celsius, causing 
rockto meltintoa molten 
lorm called magma, which 
rises towards the cooler 


surtace via convection, 


Plate tectonics 
Our planet's crustis formed ol 
tectonic plates, which are 
gi a Se pr a always moving very slowly. 
TaAIMOrpnic rock asst Fs ee 
Meta 0 ph Cl ock When these plates collide, 
The combination of intense pressure ri ae 
act on f mountains are formed and 
= Tet) Fblu i i r DL Pee i fifi ia: ¥ 
ane High temparelu res | DEnWern 300 earthquakes are penerated, 
and 700 degrees Celsius}doesn't melt and the friction al co results in 
fy Ce) ee - och na fhe nh: sg a, eel bit Li Le JU als re LES hd 
lava cools 50 rapidly | | rocks, Cut hanges their chemical huge amountsntheatand 
that atoms are unable structure. They are transtormed into pressure below the surface 
th i Lau Ce ST bred, 
bo form crystals | dense metamorphic rec. 
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The tell-tale spiral of 2011's 
Ped teseCR etme UT a eee lan 
aided by the Coriolis effect 


oa - 
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Wind paths, ocean currents and even airplanes are 
governed by the same invisible force 





| inds in our atmosphere do not circulate back and forth between the Coriolis force. This explains why cyclones 

Th) We M MOOR Mest mD Pe tecmel i om ces high-pressure poles and the low-pressure Met MOM Te EAMAUM\ hl aentc aa M sland e)ete) coe] 8) En 
phenomena known as the equator. When the rotation of the Earth is EVOLGew OM A tom OD ECe NOG Rlemel tlie i toda 

ele te) Uhm esi (ere ewe Oe Lom ted GAGE] O/UEO) UB LAE Pah ees OOM NOLO R GUGM IPR OM Mes Loa Aten: Dem eR Le Hemisphere they rotate clockwise. The 
SATB OO COLO(H) OMS ls) ICM OCG Come i Pm tet) 8 ed Ble WV COMGtCGIM aL tOTE) eit eom COM eesti lm (een ait opposite is true of high pressure storms, or 
planet’s rotation is faster at the equator, right, and airinthe Southern Hemisphereto anticyclones, which rotate clockwise in the 
because this is where the Earth is widest. the left, away from the equator. Asa result, north and anti-clockwise in the south. 
This difference inspeed causes thedeflection winds circulatein cells. The Coriolis effect is so prevalent that it 
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spin like this, alronthe planetwouldsimply  thecentre,whichthendeflectsthankstothe routes to compensate for the deflection. 


Global winds 


How Earth’s spin affects the winds, Wind cells 
their direction and function Pash he bi sphere cad tireenelie 
wiere aircirculates through the 
depth ofthe troposphere. 
Jetstreams 

Hieh-altituele pet 
SOTA TS fl civ cet Ween 
cells, They are strong 
winds that move 


wWealhersys lems. 


Earth spins 
Attne equator, the 
Earth is spinning ata 
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Tropical hurricane - 
Atropical hurricane forms Airmovement 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 





a. B ‘i 


What are the criteria for 
determining a new species? 


‘enerally scientists consider a species to 
& be new if it has its own gene pool and 
evolutionary lineage. If you think that you've 
discovered a new species, there's a long 
process to go through. 

The first step is to get some specimens to 
compare against other species that are 
closely related. You collect all of the data 
about the species, then comb through the 
literature about related species to be sure 
that what you have doesn't match with any 


other description. Once you're reasonably 
sure that it’s new, you publish the data ina 
peer-reviewed scientific journal so that 
others can learn about the species and help 
verify that it's new. Naming the species 
comes last, and there are rules here. 
Depending on what type of species that 
you've discovered, you'll have to follow 
criteria set out by an international 
organisation, such as the International 
Commission on /oological Nomenclature. 
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Could the Earth 
ever run out of 


oxygens 


™% xygen is continually being produced by 
“ plants and a variety of chemical 
processes, so it is very unlikely that we 
would ever run out of it. Plants (including 
tiny phytoplankton in the ocean) use the 
energy from sunlight to convert carbon 
dioxide and water into sugars and oxygen, a 
process called photosynthesis. This 
replenishes the oxygen used up by 
respiration or chemical reactions such as 
combustion. Even if plants stopped 
photosynthesising, we have enough stores 
of oxygen in our atmosphere to support 
human and animal life for at least a few 
hundred years. 





6¢ We have enough 
stores of oxygen In our 
atmosphere to support 
human and animal 
life for a least a few 
hundred years?” 


Environment M 


hears be able to s1 


iscussions have taken place ori have been relocated, and found that it’s 

relocating polar bears to Antarctica usually harmful to the averall ecosystem, 
to aid their survival, due to significant Seals and penquins currently have no 
sea-ice loss in the Arctic. However, land predators in Antarctica, but this 
although polar bears probably could would change if polar bears were 
survive in Antarctica, the disadvantages - introduced to-their habitat — it could even 
outweigh the advantages. Scientists have result in their extinction, Throughout the 
Studied previous cases where animals food chain, the balance of resources such 


Do underwater snakes 
nave gills? 


hile some atte spend time in water, sea snakes live 

there permanently. However, instead of gills, they have 
a single lung, and must surface to breathe about once an 
hour. Valves keep their nostrils, which sit on top of their 
snouts, closed the rest of the time. These snakes also absorb 
oxygen through their skin, and have small, flattened heads, 
and paddle-like tails to aid with swimming. Most species live 
in warm waters in the Indian and Pacific Oceans. Sea snakes 
have very potent venom and release small amounts when 
biting fish and other prey. 


e u-Antarctica? 


See meMa Leis Berets) ais) cmele ici 
and polar bears could introduce new 
diseases to native species, or face 
life-threatening diseases themselves. 

So althotigh polar bears would probably 
be able to survive in Antarctica, the move 
would be counterproductive for both them 
and other species, 
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Why i 1S ceaiareh jam “il oe 
gooseberries are green? 


a PCoI tia tite 





he gooseberry is a round, edible berry cook a qooseberry jam mixture, the 

with a thin, translucent, hairy skin. anthocyanins are heated and come into 
Although green in colour, gooseberry jamisa contact with plant sugars such as pectin, as 
shade of orange or red due to a pigment in well as metal ions from cooking instruments. 
the berry called anthocyanin. This pigmentis This process is thought to change the acidity 
present in many fruits, and can give them and slightly alter the structure of the 
reddish, yellow or green colours, depending anthocyanins, and the jam changes colour as 
on the pH, or acidity, of the fruit. When you a result. 


Is it true that 
elephants never 
forget? 


lephants do forget, but they have impressive 

memories. They have the largest brains of any 
land mammal, and some believe that their 
intelligence is up there with chimpanzees and 
dolphins. Elephants live for decades, and travel in 
family groups led by older females. To be 
successful, they need to be able to keep track of 
friends and enemies, and they need to navigate 
long distances over complicated terrain as the 
climate changes year after year. African elephants 
have been known to lead their families to long 
forgotten watering holes in times of drought, to 
remember injuries and mistreatment, and to 
recognise the clothing of people who have done 
them harm. 
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What 1 
‘hat is the 
powder on 

2 
moth wings? 
—_ }oth moths and butterflies have a 
g Poowdery substance on their wings that's 
actually a type of modified hair called a 
scale, These scales are probably mostly for 
looks, contributing to the pattern and colour 
of the wings. However, they may also help 
maths to regulate their body temperature - 
dark colours absorb light better - or 
camouflage them from predators. They may 
even help moths to modify airflow as they 
fly. Losing some of the powder probably 
wouldn't stop the moth from flying, but it's 
important not to touch the wings; they are 
very fragile and can be easily damaged. 





# 


Why do we see lightning before ¢ It’s important 


we hear thunder? not to touch the 
\ ) fe see lightning first because light Instantly to temperatures greater than wings; they are 


YY travels faster than sound. Light 25,000 degrees Celsius, As it moves , * . 
travels at about 300,000 kilometres per outward, the hot air compresses the air very fragile and 
second, while sound travels at about 0.34 around it and this expansion creates a shock , , " 
kilometres per second, depending on air wave, which then becomes a sound wave. Carl be easily 
temperature. The flash of lightning We hear the sound waves as loud booms and Ty Ail 
superheats the air around its path almost cracks, or thunder, destroyed i 
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38 What will life be like in 2050?° 

46 How do keys open doors? 

47 How do food blenders work? 

48 How is waste turned into energy? 
50 How are digital images captured? 
51 How do wristwatches tick? 

52 How do industrial robots work? 
54 What's inside Apple's HomePod? 
56 How does new tech fight fires? 

58 Bitesize Q&A 
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Technology . 


prawling, eco-friendly megacities, a global 

population exceeding 9.8 billion, and far-reaching Tomorrow's cities will be home to 

inventions that marry biology and technology all in if te BC Celie es ieee 
lay ahead of us. Today’s world is one filled with ideas, | (tienib Bes PSECU SLRS aUL AC LeLULRIS Ee 
innovation and imagination, making us perfectly poised \ | ad a! | 
to speculate on what the world will become in just over 
three decades, 

lt may seem dangerous to cast our eyes so far ahead, 

across decades of ex ponential progress. But in today’s 
research we find the seeds of the era-defining technologies 
that will come to be. In the 19808, Alan Turing considered 
the ‘ghostin the machine’ and challenged his 
contemporaries to consider whether we could truly create 
intelligent —if not sentient- machines. Now, with deep 
neural networks and other artificial intelligence 
approaches we find ourselves edging ever closer toanidea 
first posed over 60 years apo. Turing’s vision has almost 
been realised, and within this feature we will uncover 
analogous ideas that may grow, justas Turing’s vision did, 
into technologies that will bring similar disruption to the 
world of 2050. 


MAKING NEW STRIDES 

As the collective pool of human knowledge continues to 
expand, we will increasingly see branches of research 
broaden their perspective and bleed into different areas of 
investigation, Such fusions of science and technology will 
play a pivotal role in the years to come. For example, 
forensics may start incorporating the staggeringly broad 
applicability of data science. Researchers at Oxford 
University have for the first time uncovered genetic 
variations that are strongly associated with particular 
facial features. As we move forward and others inevitably 
expand on this novel finding-and the link betweena 
person's unique genetic code and their facial features is 
revealed -a wanted person's DNA will suddenly reveal 
much more thanjusta simple match ona known criminal 
database. Amazingly, police officers in 2050 will likely be 
able to create an accurate facial model from a mere drop of 
saliva ora single strand of hair. Then, with the help of 
smart computer systems, they will be able to scour the area Brain-computer interfaces will 


with drones and locate their target. allow us to control tomorrow's 
technology by thought alone 


6¢ In today’s research we SS 
find the seeds of the 
era-defining technologies 
that will come to be 99 


Atthe centre of these cross-disciplinary technological 
marvels, however, will lie brain-computer interfaces 
similar to the kind being developed by Elon Musk’s 
Neuralink. This intriguing company endeavours to create a 
neural mesh capable of directly linking to the cloud, 
forming a bridge between our thoughts and the electronic 
world around us. Musk rightly points to our current 
reliance on smartphones - and namely how we loathe to be 
without them —as evidence that we're already bound to 
technology. But in 2050 this connection will have deepened 
to the extent that we will have access to implants that form 
a neural interface around the outside of our brains. 

For those equipped with such technology, information 
from the web will be directly delivered to their thoughts on = - 

a moment's notice (much to the chagrin of pub quiz | oe = ae ann re pat 
runners}; electronic devices will be controlled just by ba Ue n eree 
thought: and people will be able to enjoy ‘consensual — GRU CUNCataE 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


telepathy’. This may seem the product of sorcery, butin | 
2050, when technology will be even more integral and 
abundant than itis today, interfaces that permit easier 
interactions with our creations will become hugely 
advantageous. The medical applications of this technology 
are also worthy of mention, as those with brain and other 
central nervous system injuries will be able to utilise this 
tech to circumvent severed connections via the cloud. Asa 
result, communications between the brain and limb will 
be restored, and those who are severely paralysed will be 
able to more easily interact with the outside world. 

The places we inhabit will also have transformed by 
2050. For those who live in rural areas, more land will 
become available for biodiversity to prosper in ance more 
as agricultural land will be stripped back. Withaswelling 
population we may expect farming land demand to grow 
rather than dwindle, but many meats will be available in 
the form of lab-grown varieties, and cities will employ 
vertical farming to penerate food supplies. 

Vertical farming, where tiers of crops are stacked atop 
one another, may take up residence as great glass 


skyscrapers in tomorrow's cities. There, they will be able to Most meat will be lab PTOWT) rather 
W nutritious crops including tomatoes, lettuces and t n traniti 17 f ) 
sreens aswell providinggreenerytotheurbaniandscape. than traditionally farmed 


| : Mining precious metals off-world 
‘ will be integral for the Tuture 


production of electronics 
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smaller-scale vertical farms may also be affixed 
to the sides of older buildings, providing cleaner 
airand extra food sources. Ithas been estimated 
that the largest vertical farm structures could 
provide food for up to 50,000 people. Food loss 
from transport and storage will be eradicated, 
fewer pesticides would be needed thanks to the 
segregated environments, and crops could be 
grown throughout the year. And, asanadded 
bonus, sealed vertical farms would naturally 
recycle their own water supply, making the 
process even more economical. 

Asawhole, we will find 2050's megacities 
considerably better equipped and more 


Tidal energy } 
Glanttidal barrages capture 

energy as the tide bath moves 

Inwand and recedes, causing 


Wave power 
Waves can generate electricity 


as they rush intoand outola 


self-sufficient than those of today. Bioengineered 
microorganisms will help to clean the water 
supply, lowering the energy expenditure 
required for water processing, and we may even 
save power in the evenings as street lights are 
replaced by glowing trees. 

These will be products of technologies that 
will build upon the success of MIT scientists, who 
atthe end of 2017 successfully engineered leaves 
using nanoparticles that glowed vibrantly under 
the plant’s own power, Providing both lightand 
beauty to the city, the glowing trees will help 
transform our metropolises from concrete 
jungles into otherworldly visual spectacles. 
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Space-based solar power 
Sheets of mirrors orbiting outside of 
[he atmosphere will focus sunlight 
onto amodule that beams enerry to 
the pround via radio waves, 
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THE RISE OF AUTOMATION 

Some of the ideas we have visited thus farin this 
feature have been likely, some a little more 
speculative and others wishful, but one thing 
that companies the world over are barrelling 
toward is autonomous systems. A world 
dominated by self-acting machines seems to be 
etched into our destiny, as every year we uncover 
greater possibilities and achieve new milestones, 
some of which have come a decade before their 
predicted time. Fortunately, this won't lead to an 
ominous revolution of robots and their artificial 
intelligences, but ratheran integration al 
autonomous systems into nearly every facet of 


Cleaner skies 

Without contam!/ nation from 
SLuruine fossil fuels, carbon 
dioxide emissions will be reduced. 


Terrestrial solar power 


Homes will largely be powered by 
roottop solartiles, and solar tarms 


WIL provide power forthe eric, 


chamber, altering the air 
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pressure, which spins turbines. 
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Geothermal plants 
Deep reservoirs of waterare 
heated by thermal energy 
irom the maena beneath 
Earth's crust. Generatorsare 
strategically placed nea! 
vents where the heated 
WateT escapes, 
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It is estimated that robots will q a ; 
replace around 800 million “Way, 
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our lives. They will become the tireless 
worker drones that gather, process and 
organise our data, clean our offices, deliver 
our parcels and so much more. If we look 
around us today we can see that this 
change has already begun. Stock brokers 
rely on algorithms to predict fluctuationsin 
the stock market; Facebook programs dig 
through our internet cookies to learn the 

right advertisements to feed us; and fast 
food chains are replacing staff with 
burger-flipping robots. 

There are a slew of reasons for this major 
cultural shift. Algorithms and robots will 
prove cheaper for companies, more 
efficient, and when handling data, simply 
far superior than any human counterpart. 
The only major hurdle left to overcome in 
the following years involves teaching 
machines how to perform a job optimally. 
But once they've learntit, you can be 
certain that they'll be much more capable 
than their human predecessors. 

50 what does this mean for jobs? For 
some, it'll mean a much easier working life. 
such beneficiaries will of course include 
most large business owners, but disciplines 
such as medicine - and the patients that 
they treat- will be bolstered by artificially 
intelligent support. A multitude of disease 
diagnoses, for instance, are still assessed 
by eye alone, 

This outdated approach hasan element 
of subjectivity and is prone to error, but 
machines that have been trained on tens of 
thousands of images will be able to aid 


a 


ao BML da 2) 


medical practitioners by accurately 
diagnosing diseased tissue. 

Yet for many others careers, machinated 
workers will simply offer a favourable 
alternative to human employees. One study 
estimated that certain sectors could see up 
to 50 per cent of jobs being handed over to 
robots and Al by 2030, and we can be 
certain that the following two decades will 
see machines grow exponentially more 
capable, and many other careers will come 
under threat. Jobs that require empathy 
and creativity are currently believed to be 
immune to the incoming influx of 
automation, but can we beso confident that 
amachine won't be able to outperforma 
human in these areas by 20507 

Those vying for the remaining jobs, 
which will likely include policing, 
governing, teaching, researching and 
counselling, will face a fiercely competitive 
environment, especially as the global 
population is set to increase to nearly 10 
billion by 2050. Asa result, we may find 
ourselves in the era of Universal Income, 
where the governments of the world will 
provide pay to adults without them having 
ta work. This way the economy keeps 
turning and the population becomes able 
to invest their time in whatever they please, 
free from the pressure of generating 
income. It would represent the greatest 
change in our daily lives for hundreds of 
years and pave the way for people to 
continue the phenomenal technological 
upward trend of the past 50 years. 


Tunnels kept at near-vacuum pressures will 
house superfast vehicles known as 
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Monitoring your health 24/7 


Through wearable gadgets and small implants, key 
health indicators such as blood pressure, heart rate, 
cholesterol levels and blood éuqar will all be 
recorded and transmitted contiguously, ensuring 
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3D printed organs 
With basic biological components as the building 
Dire) iets Pes is Lee ee) 
MEET MARU ee etalatelgget see uals) (mses pel epee 
SUC RCM Ce eae LR eel Le 
and lungs, will free patients from relying on donors. 





The Al doctor 
After decades of training intelligent algorithms to 
recognise patterns and symptoms of disease, 
2050's ‘consultant computers’ will be able to reliably 
and accurately diagnose almost any condition and 
recommend the best course of treatment. 


ie é¢ For someone born in a 
Synthetic blood cells io , = 7 Tatas b fat: Advanced bionics 
Plastic ‘smart particles’ that can bolster the immune 20 oF age related tere Bets Dew UCe eee moe det ol me eee Pes ide ee 
response by binding to invading cells, and carbon- Wi | be ral problem from rely upon improved robotics for increased synthetic 


rete e Raid) em OO een em he limb acuity, as well as brain-bionic interfaces that 


oxygen than red blood cells, means future another century 99 wirelessly transmit electrical signals fram the brain 
generations will enjoy near-superhuman levels of | to an attached appendage, meaning it can be moved 
defence and fitness. by thought alone, 
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open doors? 


Unlock the secrets of how these simple 
devices keep your possessions safe 





§ hroughout history, numerous lock-and-key which opens the lock. Other keys may fitinto the lock, but 
combinations have been used to keep roomsand the lack of pin-alignment stops the barrel from turning. 
valuables secure. The earliest lock comprised of a Notall keys are flat, though. Those that fit into warded 

series of wooden pins that could be moved only bya key locks - used widely during the Middle Ages —are 
witha matching profile. Called a pin-lock, it formed the cylindrical. Instead of pins, these locks use curved plates, 
basis of today’s pin-tumbler lock (often called a Yale or or wards, to block incorrect keys from turning, Only 
radial lock). those with matching ‘notches’ can rotate fully. This 
Inside the barrel of a pin-tumbler lock is a series of design led to the first skeleton keys - versions that had 

spring-loaded, two-part pins of varying length. Whena most of their notches filed down to avoid the wards. 

| small, flat-sided key is inserted into the barrel, the Many companies are now developing mechanical door 

SEE serrations along its edge push the pinsup.Ifthekeyisthe locks that don’t need physical keys. They can be opened 
sas . LieAee correct one for the lock, the pins will line up so that the with the sound of your voice ora swipe of your 
atl lat a al bottom halfofthe pins sit perfectly inside the barrel. This smartphone-although moststill allow you to use an 





Slat er eersi eal 
so Sallie enables the barrel to be turned (ortumbled)withthekey, old-fashioned key. 


How keys work 


Take a look inside a pin-tumbler lock to understand how keys open doors 
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Springs and pins o™, Ifit doesn't fit... ") Linethemup Open sesame! 


Aseries of spring-loaded pins — Whena flat-sided key is | When the correct key is Because the pins are intwo 

sit inside every cylindrical inserted into a lock, its , inserted into the lock, it parts, this alignment means 
lock barrel, While the total length of bu mpy edge pushes the pins to pushesthe pinsupsothatthe break § thatonly theredsectionssit within 
each pinremainsthesame,thelength  differentheights. Whenit'sthe inthe pins(wheretheredandpurple the barrel, which enables the barrel 
of the separate sections of the pin wrong key, there is no alignment sections meetjalignsexactly withthe toturn, ortumble, opening the lock in 
(shown in purple and red) varies. between theredsectionsofthe pins. topofthe gold-coloured barrel. the process. 
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How do food blenders work? 


Turn fruit salad into smoothie with a tornado ina jar 


smoothie blender is a compact fluid 
dynamics laboratory. Friction at the 
urface of the blades accelerates the 
liquid, centrifugal force pushes it outwards, 
atmospheric pressure creates an air-filled 
vortex in the centre, and turbulence keeps 
everything churning and mixing. Within 
seconds, your placid pint of milk and fruit 
chunks is transformed into a chaotic, 
churning maelstrom. 

The vortex in the centre of a blender looks 
like a tornado butit acts in quite a different 
way. A tornado is powered bya thermal 
updraft in its centre that pulls everything 
into the middle and flings it up to the sky. In 
a blender, the spinning blades at the bottom 
are constantly pushing the liquid away from 
the middle to the edges of the jar and this 
creates a suction that pulls material 
downwards in the centre. 

The cutting blades do most of the initial 
work of chopping up the solid chunks, but 
once the size of the pieces drops below a 
certain point, the blades can't hit hard 
enough to slice them up any smaller. 
Amazingly, the blender uses implosion 
shock waves to finish the job. The blades are 
spinning so fast that they create a vacuum 
on their trailing edge. The water caught in 
their wake effectively boils, and as the tiny 
steam bubbles condense and collapse again, 
they send out a cascade of shock waves that 
shatter the food particles even further. 






Don't forget to put 
the lid on! 


Blender bits 


From chunky to smoothie 
at the touch of a button 


jar 










Feeder cap 

The centte hole lets 
youadd ingredients 
whilethe blender 

is running. 


—— 


Lid 
The vortex forces the . 
liquidup the sides of 
the jar, soa tightly ‘a 
sealed lid isvital. “a a 
— os 
a a 


The funnel shape helps 
Bul the liquid up from 
the bottom with fe 
stagnantspots. 






















Rotating 

The spinning blades drag 
the liquid round with 
rhemand centrifugal 
force tends to push it out 
towards the edee and up 
the sides of the jar. This 
pushes the suriace upat 
the edgesand downin 
the middle. 


wi Seal 

| The blade axle extends 
through the bottom of 
the jar, soitneedsa 
reliable seal to prevent 
any leaks, 


Choppin 

Anything solid dropped 
ap INattheropispulled 
downwards into the 
middle until it hits the 
blades. The shredded 


Blades 

Angling some blades 
upand othersdown 
createsa larger slicing 
zone at the bottom, 


every circuit, (heyare 
chopped a little bit-finer. 


Coupling 
Acoparranpement 
connects to the blade 
axle and locks the jar 
In place, 


Motor 

The motor ls powerful 
enough toslice through 
[DUeN FTeens, and a 
weicthtat the bottom 
helps keep the blendet 
steady too. 
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Traements are flune back 
tothe top apainand with 


Thinkstock: (Huston by Adrian Wann 


<== AMAZING ANSWERS TO CURIOUS QUES TIONS 


How do we turn waste into energ 


They say one man’s trash is 
another man’s treasure - 
that’s exactlythe case when _Controlthe process 


Every part of the process can 


it COMmMeES ce waste enerey be remotely controlled to 


monitor the output and 
optimise efficiency 


n2o14, the UK generated 209 million tons of 
rubbish. Of that, 44.9 per cent was recovered | : 
including recycling and energy recovery) and 


23.1 per cent wassentto landfill. Weare 
constantly searching for a more efficient and 


beneficial way to dispose of our waste. ch 7 
As well as diligently recycling our rubbish, nside a waste- 
waste-to-energy plants provide one alternative to tO -ern ergy Dp | cl nt 


landfill: the waste is disposed of and used to 





Combustion 

Rubbish in the combustion 
chamber burns ati,100 C. The 
waste is constantly moved 
around and supplied with 
oxygen to ensure an efficient 
burning process. 








provide energy to produce fuel and electricity. Check out the work that goes 
There area few different ways that this can be into creating electricity from the 
done using thermal energy and biological contents of your rubbish bin 


processes. Thermal processes involve methods 
like gasification, thermal depolymerisation and 
pyrolysis; all rather complex procedures that 
essentially use the application of high 
temperatures to break down the waste and 
release energy. The non-thermal waste-to-energy 
processes use microorganisms to decompose 
organic matter and release biogas. These 
processes often take much longer butare 
considered much more eco-friendly. 

The advantages of waste-to-energy technology 
are that less waste gets sent to landfill. This 
means less methane - a damaging greenhouse 
gas —is produced from decomposing rubbish and 
less leachate (which pollutes groundwater) leaks 
from the site. Another advantage is that more 
energy can be created without burning fossil fuels 
and releasing greenhouse gases. However, 
despite the advantages, there are also some 
serious environmental concerns. 

The burning ofso much mixed waste can 
release harmful chemicals, such as dioxins and 
furans (carcinogens released by burning plastics 
such as PVC) as well as heavy metals, acidic gases, 


sulphur a nitrogen oxides and Particulate : Recyclable materials 

matter, A t ough there are many pollution control Materials such as plastics, glass and 
processes in effect, not enough is yet known about paper should beseparated from othe 
the extent of the chemicals released and their wasteand processed atrecycling plants, 


impact on the environment and human health. 


Rubbish collection 
Waste is collected from 
homes and deposited at 
the waste-to-enerpy plant, 


| a aes Waste materials 
: i | mm a. ee The rubbishis mixed thoroughly 
a : oe oe = before being transported and 
a = added inte the incinerator. 
a — eo : The Colnbrook Inéiferatoris one of the 
De a3 8 be Matera lgler aa ie) ae iJ largest inthe UK, meee lets of recovering 
Pee: ue burned when the site Fatal gt PIR ee ice sg Cd AO eg ee ame ee 


—- — 7 
= i ; 
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________ Technology é 


Electricity generation 
The electricity produced is supplied to the 
eric tor distribution. One ton of incinerated 










steam power waste can power a household fora month. 
7 | ae The steam generated is 
super heating then channelled to 
As wellas burning the power large turbines, 
rubbish, the combustion which are attached to 
chamber heats a boiler, electricity generators. 


which generates high 
volumes of steam. 
| 





come steam is cooled and cycled back a 


inte the heating chamber, and some is fo 
channelled to provide central heating aI : , 
forthe plant's buildings. | —— 


Vapour released 
Afterthe environmental 
controls and recycling of 
by-products, the large 
chimneys pump out the 
PECESS Water Wal Peoulr. 


Efficient water tl & & & 
f= 












: . g & 
me ihe =a on " a . 
a co oo ope 


Pollution control 

Flue gases are precipitated, filtered 
and scrubbed to remove hazardous 
chemicals like heavy metals, 
nitropen oxide, dioxins anc furans. 





Ash products By-product uses 

The bottom ash goes through a magnet to The larger particles of unburned 

remove metals for recycling. Fly ash is waste (called bottom ash} can be 

captured, filtered and then sent te landfall. used as aperegate for building 
roads and railways. 
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S== AMAZING ANSWERS TO CURIOUS QUESTIONS 





How a camera converts light into photo files ona 


memory card 

ith the simple click ofa button, a digital camera 
turns lightinto data. This process starts with 
the image sensor, which isa silicon chip known 
asa CCD orCMOs. When light enters the camera lens, itis 
focused onto the sensor and dislodges some of the electrons 
ina tinyarea of the silicon (known asa pixel), which creates 
an electrical charge. The brighter the light in that part of the 
image, the stronger the electrical charge that is created at 
that spot on the sensor. 

On its own, the sensor is colour-blind. To produce a 
colour image, red, green and blue filters are used to detect 
each primary colour of light. There are a few methods of 
doing this, but the most simple involves a mosaic of 
coloured filters laid over the sensor. Each site on the sensor 
can record the amounts of red, green and blue light passing 





Pixels to pictures 
Shed some light on the inner 
workings of your digital camera 


Image sensor 
ApridofCMOs ar CCD sensors registers 
Lhe light intensity from each mosaic 

filter cell and converts itinto a voltage: 


Mosaic filter 

Arid of coloured Alters 
splits the lightinto the three 
primary Colours: Breen, red 
and blue, 


OLPF 


The Optical Low-Pass 


algorithms that run through the camera’s Central 


—__+ 





nee welt ane 44 
ee a F 
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through a set of four pixels on the mosaic. The colour 
intensity at each pixel is averaged with the neighbouring 

pixels to recreate the true colours of the image using special 

storage 
Processing Unit (CPU). 

Each pixel needs some circuitry around it to allow 
electrical charges to be amplified and read. The light that 
falls on this part of the sensor chip is lost, so same cameras 
use a prid of microscopic lenses that funnel more light to 
the centre of the pixels and away from the support circuitry. 

The basic image data is then further processed to remove 
digital noise, correct forshadows cast by the camera lenses, 
and eliminate the flicker caused by artificial lighting. This 
data is then assembled into a format that can be read by 
other computers and written to the SD card asa JPEG file. 
























Analogue-to- 
Digital Converter 
The analogue voltages are 
hurned into digital data, and the 
primary coloursare combined to 
create the in-between shades. 


Compression 


Files are initially stored in 
fast RAM, and then written 
outto the permanent fash 
RAM storage on the SD care, 


Filter slightly blurs the 
image, which helps to 
reduce the ‘moire’ effect 
[hat car occur inimages 


of repetitive patterns. 


Subject 
Light bounces off the 
phete subjectand enters 
the camera lens, where il 
is focused into an image. 
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Camera software eliminates 
repeated data, and coloursthat 
the human ee doesn'tsee 
well, toshrink the image size 





The rolling shutter effect 


ihe signals recorded on.a CCD senso 
are Sent one row at atime to tne 
Analoque-to-Digital Converter. This 
row-bi-now recording of the image i 
known 25 a ‘rolling shutter’, and 
Sa1thougn It happens very QUICKIY, a 
fast-moving image might still have 
changed in the time it takes to scan 


Tie eeW ti =mie) Pm ce mie Melo) ade ape ipl 


The rotor blade tumed 90 
degrees while the camera 


eed eee 
strangely bent in digital photos a 


sensor, This is why propellers and 


at Meat a cece) me) fe ae ee ee, 






tches tick? 











Keep time with the springs and gears of a mechanical watch 


efore you could check your 
smartphone, and even before quartz 
batteries, a personal timepiece was a 
valuable commodity. There are two types of 
mechanical watch: a hand-wound watch and 
an automatic or self-winding watch. 
Although the starting mechanisms are 
different, the movement inside is essentially 
the same. It all comes from the back and 
forth motion of the mainspring—-thisisa 
tightly coiled and precisely measured spring, 





Watch jewels 


RAG U OOM Ram alte ea area oboe 
phrase tike ‘1? jewel’ inscribed on the 
back. this is nothing to do with the 


numerous precious stones on the 
front, but this inscription refers to the 
gemstones (usually man-made 
sapphires or rubies) that are contained 
Within the waten s mechanisms 
Bae ee ee 
OST ecg Ss be Pe ee eT 
Vaile, DUE aout | ea a eo hed 
important for keeping the watch 
Ale eA ea eee Cop mY 
polished surfaces to decrease friction 
and improve accuracy 
Paw elastase me eeet tm dete ome) 
gee eee o ae Daye eee tet gL om |e La 


Millimetres im diameter — and come in 


different shapes for thelr spectic jobs 
Datel cee aortas) ome lem aa: 
pallet tork that Keep the balance wheel 
moving back and forth, There are 

cap jewels, hole jewels and impulse 
Lad as boars DONO Pes BD ee ol 


Here the cap and hole jewels are 
ETS lees Tela dae eee 


movement for the gears 





wound into a perfectly weighted cog known 


as the balance wheel. 


This wheel is able to move back and forth 
because it’s helped by another series of cogs 
that transfer energy from the winding pin all 
the way to the balance wheel. This usually 
involves three cogs, and these correspond to 
the hour, minute and second hands on the 
face. When the second hand makes a 
complete revolution, the minute hand has 
moved one graduation, and so on. 


Mainspring Gears 
It ne eds.a Wind Up every two 
weeks orsoto keep going 

; and provide the constantand 
VE ea eee gases 8 ees accurate ticking movement 






the watch to the strap. 


These facilitate the 
transfer ofenergy from the 
Winding pinto the 
balance wheel, and move 
| Lhe watch's hanes, 


wearer the time. 


When each of the cogs turns the next, the 
last one in the chain moves what is known as 
the escape wheel. This wheel has large teeth 
on it, shaped so that it jogs a piece called the 
pallet fork into motion, which then in turn 
moves the balance wheel. As the balance 
wheel swings back, the other side of the 
pallet fork knocks the balance wheel again, 
and soa back-and-forth swing motion 
continues, ultimately helping the watch to 
keep perfect time. 


| Telling the time How individual parts fit together so everything goes like clockwork 


Pallet fork Watch face 


This ts the little T-shaped This isthe part that 
fork that connects the tells you the time, yet 
escape wheel to the there's plenty going 
balance wheel, on behind the scenes. 











Watch pins Hands | 
pr ee inthe , Attachedtogearsbehindthe J! ‘Theprecisioncutsynthetic |i 

§ SOV ERSTE DL LET eae watch face, the hands turnin rubies help to keep the 
mortar geet bom perfectunison to show the fears moving smoothly 


and accurately. 
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S= AMAZING ANSWERS TO CURIOUS QUESTIONS 





Control room 


Inside the factories where no one Human technicians write 


the cocle that controls the 


gets tired, sick or even paid raha ant ane oe 










instructions via Wi-Fitothe 
nroduction line, 





* inety per cent of all the robots in the world live in factories. The availability of —— 
cheap human labour in China and the Far East hasn't slowed down the march of Lae 
machines, and sales of industrial robots are in fact ErOwinlg 

faster in China than anywhere else in the world. 

Robots were first put ta work in 1961, when General 
Motors installed Unimate. This was a1.8-ton, die-cast 
robot arm that dealt with red-hot, metal car door 
handles and other parts -dangerous and 
unpleasant work for humans. Unimate followed 
instructions stored on a magnetic drum (the 
forerunner of today’s computer hard disks), and 
could be reprogrammed to do other jabs. When 
Unimate robots took over the job of welding car 
bodies in 1969, the GM plantin Ohio was able to 
build 110 cars an hour -twice as fastasany 
factory in the world at that time. 

Modern industrial robots have evolved from 
using clumsy hydraulic pistons to much more 
precise electric motors for each joint. Sensors on i, a — ae . 
each one detect an LED light shining througha disc ee = re ane by nt ‘+ 
with slots cut into it. As the slots interrupt the light (ren ae 
beam, they senda series of pulses to the robot's CPU that assy a; Tenis ‘| hy 2 
tells it precisely how far the arm has moved. Cameras J if sf 
mounted on the end of each arm use sophisticated image- 
processing software that allows them to identily objects, even ifthey are 





Curing 

Assembted items can pass 
througha finalinspection 
SCOOMer cr amovenn iv) Cure 


paintand glue, 









upside down or rotated on the conveyor belt, while ultrasound proximity sensors prevent Boxing 

the robots from striking obstacles in their path. Specialised boxing robots 
Even with all this sophistication, industrial robots are so strong and move so quickly pack finished itemsinto 

that it has always been dangerous for humans to share an assembly line with them. But shipping boxes : nd seal them 


the latest machines have joints driven by springs, which are tensioned by motors, instead 
of motors driving the arm joints directly. This absorbs the force trom an accidental knock, 
and enables the robot to react in time to avoid an injury. 


A robot 


Sawyer (left) can manipulate objects | ; . 
Me rahe gels eaten assembly | ine 
pee ea ee treet matete aa ele 
aaa el Robots handle the most stressful and 
repetitive jobs, while humans supervise 
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Lifting robots 

Crane arms can lilt demsanel 
transier them between 
conveyor beits along rails 
mounted onthe ceiling. 









WN = 
Where do industrial 
robots live? 


Number of robots (as of 2015) 


America | | Africa 
272,000 4,500 


Assembly 

Robotarms canscrew 
a [tems together, soe 
Circull boards, weld joints 
and spray paint more 
orecisely than humans, 




















Inspection 

Ar A-ray or ultrasound 
scanner checks.each 
component tor flaws 
or damage as li enters 


the production line, 


Multi-functional! 
Each arm has shoulder, 
elbowand wrist joints that 
can ftwistand rotate ina 
total of six different axes: 





. Danger zone 

ae Robots are heavy anc 

move fast. humans must 

keep clear while the line 

stunning, toavoid 
Betting hit. 


Asia/Australia 
914,000 


Loading 
Arobot stacks the boxes onto 
pallets for shipping, with no 
worry about back injuries. 





How It Works 53 


Zen wave. lbostration by Nicholas Forder 


Oibedk: Gia: Aerie rc 


AMAZING ANSWERS TO CURIOUS QUES TIONS 





We take a look under the hood of Apple’s smart speaker 


pple was a little late into the ‘smart 

speaker’ game when it released the 

HomePod months after Amazon and 
Google’s speakers had appeared. However, 
that extra time allowed Apple to fine-tune its 
device to help create a well-rounded speaker 
that makes your music sound fantastic. 

Thanks to a design that positions speakers 

all around the edges of the casing, your audio 
really will fillan entire room. The woofer at 
the bottom of the speaker is there to create 


How the 
HomePod works 
What's inside Apple's 


Sirl-enabled smart speaker 
system? 


Acoustic mesh 

This specially designed 
mesh is acoustically 
Pransparent, which means 
it protects the HomePod 
fram dust and debris 


withoutatectine sound. 


LED display 

The top ofthe HomePod 
features an LED screen that 
phisup when you give voice 
comimands—the colours are 


projected from below, 


Microphones 

Six microphones are attached in 
A ring around the core of the 
HomePod so thal the speaker 


Can hear you irom any angle. 
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deep bass notes. Normally, to get more 
powerful bass the woofer needs to be bigger, 
but Apple simply increased the size of the 
magnet that moves back and forth to create 
the sound, allowing the woofer to stay the 
same size but the sound to improve. 

Of course, this is just the start. The 
HomePod has Siri built in, allowing you to 
talk to the speaker and have itt carry out tasks 
for you. These can be simple requests, such 
as skipping a song or playing a particular 









} Touch sensor 
. speaker withatouchifyou 


) board 


playlist, or more complex tasks such as 
converting values, or even controlling other 
smart home devices like light bulbs and 
thermostats if they're set up with HomeKit, 
Apple’s home control system. It’s easy to set 
up too; iPhone users can just hold their 
phone near the speaker and tap afew 
buttons to have all their data sync across 
automatically. So how does all of this smart 
tech —and a great sound system — fit into such 
asmall space? 








| Logic board 

This isthe ‘brain’ ofthe 

HomePod and contains 

m| the processor, Wi-Fi chip 
and more to helpit 


COM MURICaTe WIth Yoru. 







You Can activate the smart 





wish —tinysensorsinthis 
recopnise when you 


COUC Ty t he SOT Se yg, 


Technology 





Woofer 

This targe speaker pumps out powerful 

bass. The huge magnet allows itto remain Tweeters 

compact while delivering deep sounds. Seven smatlier tweeter’ 

speakers deliver the higher 
notesin your music toevery 
anele from the circularspeaker 
| 





Compact 

The HomePod has 
specially designed parts 
so everything fits inside 
the small casing, 






Power supply 2 
The chipsand converters 
On Lhe internal power 

' supply take the AC and turn 
itinto DC to power the 


=, . =. I i = 
Siar SpeRCa heT, 





Powersupply 1 


| . ers | The HomePod is 
Te power supply ssp Talk to the HomePod 
IN CO TWO De TiS Inside Tne 


designed to look 


ae and have it carry out ae 





outside, but 


tasks tor you there's plenty of 


tech hidden within 


external power brick. 








AMAZING ANSWERS TO CURIOUS QUES TIONS 


Wc 
Inthe future: ther iaultntts 
a1) aren cae: Fi cote agnor 
(oem atest | i iis Wie tackle dangerous infernos completely unaided, 
eding up rescue : . Part ee mes is PROT MN Feb eto) SMe RON Fm ee sete eer enh 
Wi eeao siete ean rey , petting an upgrade, as water is being replaced IOUS TiM ea Swi esRen = bNR: bs Oa iLesb elm 


ee ¢¢ The latest developments in 
Se ote vathe firefighting technology are helping to 


eee fal Robot System hat 


ore make the job much easier and safer >” 


MV ithe sla si Lempe es LIPes ¢ mi Ove! | ; ry 8 

1,000 degrees Celsiusformarethan | bs ‘ 

one minute, and relays information af 

to firetighters on the ground taaid | i | 

rescue missions. a po Hydraulic claws 

Cia = _, —F . ' The Hell-Claw drops vastamounts 

otshredded wood on scorched 
earth to rehabilitate the area. 


Thermal imaging 
cameras 


Thicksmoke can sometimes 
obscure firefighters’ view ofthe 
scene, 5 o thermal imay ring 
Cameras Cal 1b e used to locare 
hotspots and those in need of 
rescue. These cameras can be 
handhetd by the firefighters ; 
themselves or mounted on drones Concrete pounder 
or helicopters torelay aerial | The Controlled Impact Rescue Tool, 
Information to eround crews. developed by defence contractor 
— aR Raytheon, fires blank ammunition — = 
caTiridges to drive an impactor. This | Fire prediction software | 
sends shockwaves throt ughconcrete | Prometheus isa computer 7 | 
SH CELEES BOE LAM See them ti program developed bythe 
Crumble, [Ctan Preach a Concrete wall Canadian Interagenc y Fi wes at Fire 
In less than-hali the time oftraditiona! Centre, which us lnrniteati 
methods, helping firefighters reach eccligical datato predict 


those trapped inside. wildfires and createsimulations 
showing how they might spread. 
Thisinftermation can then be 
used by firefighting crews to 
pian theirapproacn. 


Robots 


London's Fire Brigade trialleda team ol 
firehighting robots that can climb stairs, 
shoot water and grab things with giant 
claws. They are des iene to help 

extin suish fires Involvi Ingacetylene fas 
cvlinders, which can continue to heat up 
even aftera fire has been extinguished, 





_ Tech nology @ 


Airtankers 
Global SuperTanker Services: 
converted Boeing 747 ge s the 
laree: at a e efightin if aircral inthe 
world. Itcan drop over 74,0 oo litres 
EVcinil stonera tee one eval al 
) G65 kilometres per hour to 
) wherever itis needed in the world. 


Fr 
a” 
eet e Ug atte ors] more 
resistant suits made from 
Kevilar-based materials eu. 
: ade 


i 


Aircranes 
Erickson's Aircrane 
he licopte racandrop 
over 10,000 litres al 
Water onto a fire, then 
refill Foma nearby tresh 
irsaltwatersource in 
fi roseconds, Once the 
fire has! 
extinguis sched. they can 
tats oropseeds ie: 
encourage! ae ee elation 


Fire retardants 

As wellas water, chemical-based fire 
retardants can also be used to both 
Suppress an existing ire and prevent 
new fires trom starting. One chemical 
often use is ammonium phosphate, 
anditissometimes coloured red to show 
where it has already been dropped. 


Fi re shelters 

Desienectas a last resort in 

PIMerRericy ‘eltuations §, these 
small foldable tents can protect 


ms firefig ters fram € xtreme heat i r 
a tT | . r bi: t and gas inhalation, NASA i 4 _ 
, [SO ric Wave , lias er pucrea al working with the US - 
Department of Agriculture's 
Forest Service to develop highiy 
efficient and lightwelg ee are: 





Scientists at Harvard University have developed a 
device that can shoot beams of electricity at flames 





+ 
enn ec Cima ec eo Nl me Lali beers ise olga al im tie law ema mln shelters made from space 5 
become charged, the electric field essentially pushes heat shield material. = 
eeeM dca ee Mica pegeemtiaee eu mit rare ficial a” 3. 
eae ola be Cade en ae) mele hcg — = 
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S= AMAZING ANSWERS TO CURIOUS QUESTIONS 


How are medical tablets made? 






harmaceutical companies use machines called tablet presses pressure to remove any excess air in the powder, then at higher 

to transform powders into tablets. To start, the powdered pressure to form the tablet. 
material is fed into a hopper and flows through housing into a die The size and shape of the dies and punches are different for 
that holds a small amount of powder. The die lies between two each medication so that companies can create unique shapes, as 
punches that will press the powder into shape. The lower punch well as stamp their brand name into the pills. Once the tablet is 
drops down, allowing the granules to fill the space to the exact pressed, the upper punch raises and the lower punch ejects 
measurement needed for the type of tablet. the tablet, which goes down a chute to be collected. Each tablet 

A scraper then removes any excess powdered material and the press contains numerous individual stations, allowing for the 
upper and lower punches then compress together; first at low production of hundreds of thousands of tablets every hour. 
Inside a Scraper Precompression roll Main compression roll 
_ - ; = ASCIaper passes over The precompression rollers Compression rollers Ere aes 
tablet press the die loremove any push down first to remove the force of rhe punches to fuse 
excess powder. any airinthe granules. the tablet together, 


The machine that makes 
your medication 

















Feeder Upper punch 
This directs the | The upper punch 
granules forthe — ——— ; r : = movesdownto 
drugs inte the die. ‘lhe —- (-2 EE. | C—O" =. SS Oo ae a press the tablet 
| = 7 - ——— ST a Ge = and upto help 

, : _ | Se Ga 7 release if, 





Ejection 

: . ! The lower punch is 
Die Weight control Lower punch raised as f passes 
Thisisthearea The lower punca can be The lower punch drops to over the ejection cam, 
that determines raised or lowered to create space forthe Sf! andthepillis popped 
the shape and size ensure the correc! franuies, and then rises to | out af the die, 
ofthe tablet. quantity of material press the tablet, — | 


remains inthe die, 


How do pedestrian 
crossings work? 


he wait for the red man to turn green so you can cross 
B. the street can seer like an eternity. The truth is that 
depending on the type of junction, where it's located, and the 
time of day, the button might not be doing anything at all. 

In theory, the button ts connected to the traffic light at the 
intersection of a major road and a minor road. When pressed, 
the light on the major road changes from green to red within 
around 90 seconds, allowing the pedestrian to cross, 
However, sometimes the button is rendered useless; the walk 
signal will appear anyway in a prescribed amount of time 
because it's programmed to the signal patterns. 

A press of the button is required at standalone pedestrian 
crossings, and some junctions will vary whether the pattern is 
affected by the button or not, depending on the time of day. 
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Technology 


Why is it called 
Bluetooth technology? 


espite the technology being relatively new, the name 

Bluetooth actually has medieval origins. It was chosen 
by the largety Scandinavian team of engineers that created 
the wireless communications technology back in the 1990s, 
and is the English translation of the name of a Viking king. 

When looking for a name that signified their new 

invention's ability to connect PCs and cellular phones, the 
team thought of King Harald Blatand of Denmark, who was 
famous for uniting parts of Denmark and Norway with 
non-violent negotiations. The name's origins are also evident 
in the Bluetooth symbol, as it is king Blatand’s initials 
written in Norse runes. 





viewed them? 


C* napchat claims that photos are found ways to view snaps deleted from their 
automatically deleted from the servers phones, although new versions and updates 
once viewed and that the photo on your of Snapchat have tried to prevent this. 
phone will be deleted too. However, several In general, electronic files aren't actually 
people on the internet have claimed to have erased when you hit the delete button. The 


What ha pens to Snapchat photos after you have 
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file willbe marked as deleted and disappear 
from view, but it’s still there. The file's data 
will remain stored on your device until it is 
overwritten, 50 images can still be found if 
you know where to look. 
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S= AMAZING ANSWERS TO CURIOUS QUESTIONS 


Howdo _ 
rechargeable 
batteries worke 


ll batteries rely on chemical reactions 
y to produce an electric current. Inside 
a battery are two electrodes made of 
different sorts of metal, named an anode 
and a cathode, and an electrolyte, often an 
acid. Chemical reactions between the 
electrodes and electrolyte create a flow of 
electrons from anode to cathode when the 
battery is connected - an electric current. 
In the process the electrodes and 
electrolyte gradually become depleted as 
they react with each other. In a non- 
rechargeable battery this reaction is 
irreversible, and the battery will eventually 
stop working. When a rechargeable battery 
is charging, an electric current is passed 
the opposite way through the battery. This 
reverses the chemical reaction and 
rejuvenates the electrodes and electrolyte 
to a state where they can once again 
produce electricity. However, even a 
rechargeable battery can only be recharged 
a certain number of times before it can no 
longer hold a charge. 


é¢ Whena 

rechargeable 
battery is 

charging, an 
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What happens when files and 
photos are deleted off a computer? 


hen you delete a file on a computer 
You probably think it’s gone forever, 
but it's not. Deleting a Tile just removes the 
label that tells the computer the file ts there. 
All the data that used to be part of the file 
will still be able to be found somewhere on 
your hard disk. 


Howdo_ 
auto-flush toilets ~~ 
work? ee 


we an automatic toilet, you'll 
probably spot a small black circle 


nearby that looks a bit like a button - it’s an ie 4 ! 
infra-red sensor. This detects body heat, ree 
and is connected to an electronic valve 
inside the water tank. The sensor is 
triggered when you wave your hand in front 
of it. or move away trom the toilet, and 
sends a signal to the valve to empty the 
water from the tank. This flushes the toilet 
and the tank is then refilled. Electric toilets 
could be hazardous if the water and 
electricity mixed, so most are battery 
powered for safety. 


It's a bit like taking the cover off a book, 
but leaving all the pages behind - the book 
may be gone, but the information is 
ultimately still there. The file only really gets 
erased when the computer eventually stores 
something new where the old file used to be 
on the disk. 
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________ Technology 


How do hotel key cards work? 


here are many types of key card 
. systems used around the world, but 
their principles are all fundamentally 
very similar. When you check in to a hotel, 
the hotel receptionist uses a machine to 
store a code onto a magnetic strip or 
computer chip on your key card. 
This code matches the one stored by your 
hotel room's electronic lock, which reacs the 


code when you insert the card, and then 
switches on a small motor to unlock the door 
to your room. 

To change the code for each new quest, 
the lock is either sent a new code by a 
network, or the cara and lock have the same 
preset list of codes. They can then be 
instructed to use the next one in the 
sequence when required. 
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programming 


language 
created? 


eep down, computer hardware can only 
F understand very basic commands 

written in machine code. As machine code is 
basically just ones and zeros, it's difficult Tor 
people to understand, Programming 
languages allow us to instruct computers 
using concepts and words more like human 
language, like LOAD and DO, and convert 
these to machine code that the computer 
can understand. To create a programming 
language, you first need to define its words 
and rules. 

You then need to work out how 
instructions in your language relate to 
instructions in machine code, a bit like 
translating to a foreign lanquage. Next, you 
need to create a program called a compiler 
or an interpreter, which turns programs 
written In your language into machine code 
for the computer. It's. a complicated process, 
and new programming languages are often 
written using existing languages to try to 
make it easier. 
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<== AMAZING ANSWERS TO CuRIOUS QUESTIONS 
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st because we were born on Earth, it. yee 


doesn't mean we're destined to stay here 


eee La eM acre ae ome ete L Cpl ea ot Pee Ca tie 

perfect home for us. From the lastuniversal 

common ancestor to the human beings that 
have spread across the planet today, we've been 
slowly fine-tuning ourselves through evolution 
Camel) e ime hen pment e tapes) Np i T= ple 

LUM LOOM eRe ers Mel esk 2 ee mee aga e LS 
Come PiaUm (erst (AN CRDNE ESL PUILer Tite E Tie M len 
population continues to boom, which is 
damaging our environment and placing a strain 
on resources. How long our planet can continue 
to support the ever-growing population of 
humans is 4 major cause for concern. 

SEP OCU MOL PIT MCs mesa mt ee la) eee 
Wate MUIR Slee) ema MOM ene oe otto. tats) com 
already know of atleast one mass-extinction 
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with our home, ancd.what happened to the 
dinosaurs could also happen to us. An asteroid 
crashed into Siberia in1908, causing devastation 
Coma e Miele Pei MP CONN tema) Gena | eh merm eae AT 
about 50 metres wide and our species survived, 
but much larger comets and asteroids fly through 
SEV meets Me (OmaLS)Fa lee PPM alee ORCI haa masa t item hae eC 
[ever T dase aise) iM Nn Leys 

RESP RSP AGEs LCC me OMAN GO te emes eae) e eco) bake: ba 
least, seems Inevitable, But rather than fleeing 
NNCe ROU R =e Gere 0a lt- Mele) 8): (eM OO =) coe Bees ete BLY 
positive reasons for the human race to broaden 
its horizons. 

ORANG TM rhmeM meee TNT ele em Piers @e titi ts 
POUT h ee SMB) OT Sa Shabir ees Delo MENn Ten ETS 
from, asteroids, we could harvest many desirable 
HitcLCs@ tees Pale ets Musa elOU me) ecH tl Mae lo) 810 Lema ey 







sie)acte (eis !me) Miaciel att ats a cece Mace wc jable AW ene 
also be safer from a universal extinction event, 
preserving our-as faras we know - unique 
Palt=lipfet=)h tee De Temes) a tcte(e] atm twr nem aT Wana 
eam ULUNGGts Perea eA Mdee MORO ONMMelce eee athe ee 
as the biodiversity of other species could expand 
and thrive in our absence. 

east e ele iec EBL eec tela atr teeny 
inspirational step itwould be for humankind. 
We're born explorers; we love encountering and 
discovering the unknown. What better way to 
MEM IRM ESIC IRAE DIR SL Meroe aM LeU Dee ail 
final frontier? 

eR Gn bbeBiars ab O coma a ee eer (e conde lem ele tc) fe) [= 
MULGUD Come} MaLOpNat TONER ese PURO N CGO) f Bal sies tate jel eae 
[t's a goal that many around the world are 
already working towards. 
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moons, but which is best? 


When surveying potential options for our 

new home that are within reach, we may 

feel our choices are limited. But with the rs 

correct technology, we'd have quite a few to f 

pick from, even in our own Solar System. ! 

We could potentially colonise another 1 

planet, a moon, or even space itself. \ 
Currently the most romantic choice \ 

seems to be Mars. Asa close neizhbour \ 


Although sometimes described 
| #8 ‘Earth's sister’ due to its 
j Similar mass and close proximity 
i tows, Venus’ closeness to the Sun 
! has raised surface temperatures 
to 462°C - 50 we'd have to live in 
F) floating cities in the clouds. 


Mars. Every night another potential home 
rises to greet us. 

We already know we can get to the 
Moon, and its closeness to Earth makes ita 
candidate. Materials, supplies and even 
new colonists could betransportedthere / 


that could potentially house an enclosed 7 
habitat, it’s certainly appealing. But we Venus 
needn't limit our imaginations to just 261mn km 


with ease. Due tothe relatively short I 
distance (astronomically speaking) contact 
with Earth would also be much quicker. ‘ 

But, unlike Mars, the Moon is almost \ 
completely devoid of water. However, the 
same can't be said for some of Saturn's 
moons. Some of these satellites even have 
liquid water, which spurts out from oceans 
below their surface. They could offera 
potential way for us to harvest water, an 
integral ingredient for survival. 

Once settled on a planet or moon, our 
eventual goal would be terraforming. This 
would involve generating gases to form an 
atmosphere like Earth's, allowing life to 
flourish. But this would be no small task, 
so perhaps getting to these planets would 
just be the easy part. 


Europa 
628.3mn km 


With plenty of oxygen and oceans 
of liquid water, Europa could be 
one of the best places for life in 

aur Solar Systern, But it's law 
gravity and freezing temperatures 

may mean it’s better for us to 
reside in an orbiting space habitat. 


GJ 667 Cc 
23.6 light years 


This planet is also within a 
desirable range of its local star 
for it to possess liquid water. 
Unfortunately, the dwarf star is 
likely to produce solar flares. To 
settle there, we'd have to shield 
ourselves from this radiation. 


Billions and billians of worlds exist beyond 
our Solar System, but reaching them will 
be challenging 





here could we go? 


The Solar System and beyond is full of planets and 





Mars 
225mn km 
The extensive research that's 
currently being conducted on the 
surface means we'd be better 
prepared if we eventually settle 
there. We've already identified 
buried ice and also understand 
the dangers that await us. 






Titan 


Approx. 1.4bn km 
Saturn's largest moon has lakes, 
clouds and rain - but they're not 

made of water. On Titan, methane 
exists in liquid form and cyanide 
gas floats over the surface. 
Underground habitats would 
provide the most protection. 


Wolf 1061 c 
13.8 light years 
This planet orbits its star in the 
‘Goldilocks zone’, meaning that it 
is neither too hot nor too cold for 
liquid water. And it doesn't 

appear to. get hit with too much 
eolar radiation either, making it a 
potential safe haven for humans. 
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The Moon 
384,400km away 
Being the closest large space 
object ta us makes the Moon a 
strong candidate for the first 
extraterrestrial colony, Materials 
and people could be transported 
to and from Earth much more 
easily than elsewhere. 


i 
i 
= a ! 
Proxima Centauri b 3 
4.2 light years ‘ 
This planet is exciting as it orbits‘ 
our closest stellar neighbour. It's 
probably also a victim of constant 
bombardment from solar flares 
as it's $0 close to its star, but it's a 
rocky planet with the right 
temperatures for liquid water. 





Kapteyn b 
12.8 light years 
This planet could be one of the 
most habitable of all known space 
objects. It's heavy, has favourable 
temperatures for liquid water, 
and itis thought to be twice as 
old as the Earth = so it may 
already in fact host life. 
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Possible destinations 
Astronomers have identified a whole 
host of worlds that could potentially 
become our new home 
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S== AMAZING ANSWERS TO CURIOUS QUESTIONS - 


How would fe== ae 
| , | Withouta warp drive, a The movement ofan abject Negative energy could 


| f distantstar many light throueh space is restricted theoretically be used to 
, years away will probably tothe natural limit, ie the Ste and contract 

We i i i O 4 } eC ; remain out of our reacn. speed of iiehi | Peele ete i 
! , . e é | —— OOOO ; 


Overcoming the distances 
between systems is one of 
our biggest challenges 


Even if we decided to ‘only’ venture as far the 
nearest star cluster from our Solar System, 
we'd still be talking huge distances, More 
than four light years, in fact. That means 
that even ifwe were travelling at near the 
speed of light it would still take us years, and 
today’s rocket engines can’t even reach one 
per cent of light speed. 

But despite the mammoth stretch involved 
it may be worth our while to venture there. 
But how would we do it? The answer may lie 
with designing a new propulsion system 


that's capable of much higher speeds than f r re C + x Wee W Bat 

! 4 | : 1. APaANSION OnWaCiHoTn , Ww Dp Wave 
the rocket-fuelled ones of today. The Nepative energy could be Space in front ofthe . Manipulating space itsell 
maj ority of such des igns remaininthe ised (0 expand Space and spacecraltis compressed, moves the spacecralt 


. ‘push objects away ‘pulling’ objects forward. closer to its destination. 
theoretical phase, but some have the face 3 Se ee PES Beene 


potential to increase velocities much closer 





to the speed of light. This means we could employed to shoot us quickly towards energy, we could expand and contract space 
traverse the gap between systems in distant stars. Or, rather than high-speed around spacecraft in order to move them 
perhaps decades, rather than millennia. travel, how about bending space-time closer to a goal ina time span that would 
What makes these innovative engine around us instead? otherwise be completely impossible. 
concepts so interesting is their choice of fuel, Of course, itsounds impossible, but For the foreseeable future, warp drives are 
and how we can best make use of them. according to Einstein's theory of relativity, nothing more than just an abstract idea. But 
lonised gases, interstellar hydrogen and it isn't. And this knowledge has given birth some of the other designs are in 
even antimatter have all been proposed as to the idea of a warp drive. By usingan development now, and could be ready for 
potential options, and could,in principle,be elusive form of energy known as negative blast-off a lot sooner than we think. 
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Powerin sea 
tom Oo soak ee io 


shielding may be required 


S acecraft to protect the crew against 
D i ) Bam ma rays, produced 
when antimatter and 
Plasma, antimatter and suthaccaliae.. 
negative energy may be Lightweight 
our tickets to deep Even asmallamount ol 
space exploration antiniatter—salely enclosed in 
an electromagnetic feld-can 
produce considerable enerpy, 
sa the overall mass of tuel 


required (5 relatively low, 


Annihilation 
When antimatterand 
matter collide, they are 
both destroyed inan 


explosive release of energy. 























\ ANTIMATTER DRIVE 
‘ Powerful thrust 
The thrust produced 
from antimatter 
annihilation would far 
exceed the amount 


Alternate enerey source pl od ‘s ea yy x0 day 5 
[Initiating awarp drive will aera 
feQuire a huge AMIOUTLE GE 

energy, soa power source will 

have to he carried onboard, 


Warp rings 

Two thick, circular rings J 
helptoreducetheenergy j 
required to form a‘warp 
bubble’ around the ship. 


I 


, Contained 
The ‘warp bubole’ 
that forms around 
the ship would bea 
finite size, andallol 
the ship's 
components would 
have to fit inside. 






Warp drive 


In piace ofusing a 






~—/ 


Continued 


acceleration eee | 

This ship would startslowly, propevant, f — | em: 
butas it gathered speed it Cee Srey | a. a f sa | 
would ‘scoop’ more fueland would De tised to et F 


“a F .. a 
continue foaccelerate, warp spacetime i = Ps - a oh \ 





around the ship 
and move it hl , | a —— 


Lowa4rds Its target. 


Ram scoop 

An electromarnetic fete 

net would ‘scoop’ the Fuel from Space 

protons intothe exhaust. Space is far from empty, and 
the Bussard ramjet would use 
high-energy protons found in 
the interplanetary and 
interstellar mecium for fuel. 


Nuclear fusion 
Protons fuse togerles 
ina fusion reaction, 
releasing energy and 
producing thrust, 


| 


SPL: Tihetration ty Adrian Marin 





Careful navigation 
The crew onboard 

would have to ensure 

that the spacecraft 
travelled through areas 
ofspacewithasulficient . 


density of protons 


au, 
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S= AMAZING ANSWERS TO CURIOUS QUESTIONS - 


Where would we stay? 
Giant space habitats could allow us to bring a slice of 
Earth with us into the cosmos 


An extraterrestrial civilisation of humans, 
wherever they may be, would need to rely on 
a home that could provide a similar amount 
of nourishment and protection as we receive 
on Earth. As we would need to consider air, 
heat, radiation, water, gravity, food, and 
ample habitable space, it would bea 
monumental task. 

We know that nowhere nearby can 
provide all of these necessities, and 
terraforming will bea long, difficult, and 
perhaps impossible process. So maybe the 
easiest way to control these variables would 
be to assemble our own space habitat. This 
figantic structure could either be anew 
permanent home, ora means toset offona 
multi-generation migration. 

The second option would bea quest unlike 
anything humanity has ever faced, and 
would involve many generations spending 


their entire lives in space, safely enclosed in 
a living habitat. But our universe is avery big 
place, and this may be our best way to 
explore it. 

By realising our ambitions of mining 
asteroids we could gather the required 
materials, and by taking advantage of the 
centripetal force produced by spinning 
objects, we could simulate gravity. This 
project would be undeniably huge, but 
humans are capable of achieving great 
things, and we have an idea of how we could 
do it. In stark contrast to the sterile, 
squashed spacecraft we're used to, these 
settlements would be a true home away [rom 
home, containing many of the pleasures we 
enjoy on our planet's surface. 

There is also one more aspect to consider 
about this possible future. If some colonists 
do choose to remain on Earth, others in 


tes lage ce a a prea see Mm EE-DMILes Oe Valea 
Mae eb 9 fe uy Be lathe 





space, and others on distant planets and 
moons, then ourspecies may eventually 
begin to diversify. Remaining apart for 
many generations, throughout consistent 
subjection to different forces of gravity 
and atmospheres, could eventually mean 
that some of us may not be simply humans 
any longer. Our future in space has the 
potential to create a new alien species: our 
future descendants. 

In the distant future we really could be 
spoiled for choice, so let's get to know our 
options and take a tour of a potential 
space settlement. 


Ma king space home | A habitat like the sib One design would allow us to travel ee Space in style 


| Home away from home fh 
AnEarth-like environment wouldbe 
important to help alleviate the 
psychological effects of lonp-ternmi or 
indefinite space travel, 


| ‘Biodiversity 

By bringing greenery with us 
f we could maintainan 
f ecosystem of diverse wildlife. 


fl artificiastar 
| Atlant beam of light 
@ would fillthe central axis, 


G-force 
| Thespinning structure would 
wal simulate Earth's gravity around 
| the sides, so inhabitants would 
‘| reside there. 


Util ising space 


| Hanoy caelions 

M Latae space habitats would 
have enough available space for 
Individual accommodation and 
rec cherie lactivities. 


> a 
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Eden in space 
Natural plants would 
) replenish the habitat’s 
yeen levels organically 
| and also provide food. 


Z 
s oo : 
er — 


, where it would mimic our 
at cc 


j| Towards the centre of the 
structure the feeling of gravity 
oI t % —— wold lessen, but floraand 
iu. | fauna could growthere. 
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TS) Space jobs 


Extraterrestrial 
surveyor 





Gathering sufficient resources 


Pe eas will be one of the most important 
| i jobs for a space habitat, and 


would be assembled in a structure asteroids will be the place to get 
ately eight kilometres wide and 32 them. A surveyor will assess 

these space rocks and decide on 
the best mining locations. 





rfolst=i | A host of new careers will be up for 
; Led grabs on our future space settlements 





Asteroid miner 
It is unlikely that a miner will go 
out on spacewalks and manually 
operate the equipment, as this 
would be extremely dangerous. 
Instead, they will be in charge of 

remotely operating and 
overseeing the machinery fram 
the safety of their space habitat, 


i 
fi 





Atmosphere overseer 


In this robe, you'd have the lives of 
all of the other space inhabitants 
in your hands. Maintaining an 
Earth-like atmosphere ina space 
habitat will involve regulating 
oxygen and carbon dioxide levels, 
temperature and the amount of 
ultraviolet light, 


a i, 
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Propulsion engineer 


Whatever choice of futuristic 
engine is used to power the 
movement of our habitats, it will 
require monitoring and mast likely 
refuelling. Propulsion engineers 
Will owersee these processes and 
ensure the engine doesn't overheat 
of leak radiation. 


Communications and 
navigations specialist 
One space habitat won't be 
enough to carry everyone, so the 
multiple ships will need a way ta 
communicate. 45 well as sending 
and receiving signals, these 
specialists will ensure their ship 
stays on the right path. 








Sie ee bse She are Habitat construction Exercise physiologist Space voyager 
ee eae a iba Soe eee ea Sp ee ee ere and maintenance A physiologist will make sure that When exploring the unknown it 
lect unitpectshal lly sarinilesa ta adic As it will be much easier to the centripetal force caused by the may be necessary to send human 
. assemble huge structures in zero spinning space station sufficiently scouts to an object. Smaller 
re haath : leg Maced thle L Abie gravity, a construction team may mimics Earth's gravity, and will spacecraft usually attached to 
ps me NER eg ieee tle ely well decide to build in space. recommend weighted exercises the main habitat will be used for 
beh me] acecraft could easily come and ga They'll also repair any damage for those who need to Build more this task, with a dedicated team 


caused by space debris. 


muscular strength. 


of space adventurers inside. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


We may feel ne VES a r 


wget. i 


through space at Hb ae ca S eo 4 


Earth's orbit 
arou ndthe Sun 
30K] ns 


The Earthturnson lt 


The Sola ar Syste tem’ 5 orbit. 


a5 re _ i. “i 
lene megaparsec =3. atin light years) 
The universe began withthe Big Bane, an 
ean peers Whee explos sion that thi ew allol the matter in 
Means We're moving nearh, | rl 
halfa kilometre ever _ . the universe froma singular point outin 
second. We don't feel this every direction. This cutward movement 
motion because the planet isstill happening, propelling us ever 
and everything on it is further from the centre 
constantly moving at the — ; 
same speed, a a 
The Milky Way's mation 
£00] 
Our ga any is one ofa chister 
known collectively as the Local 
Lroup. These galaxies are 
moving through space towards a 
‘ ; pravitational anomaly 1950 
r = = : — \ q ce ] @) million light yearsaway, known 
Earth’s orbit | 4 wo) sthe Great Attrac tor 
around the Sun Pr / aan = i. SES A 
30k i/s i j 
The Sun's huge gravitational hy é The solar System's orbit 
pull brings us into an orbit _ " “a _ 230! cm/s 
trom nearly 190 million , . _ 
kilometres away. We move es oe aa Allstarsand planetsin the Milky 
incredibly fast to complete a , — Way orbit the centre of the ga laxy 
tll circuit in just 365 days. al a Our Solar Systen Lcompletes an 
orbit none ‘galactic year’, which is 
230 million Earth years. 








How are spacecrafts docked? 


How astronauts in the Soyuz capsule board the International Space Station 





Reaching space @™, Transferinto ~<. Smallcorrections /« Overtalingthe ISS 

Itonly takes a matter of higher orbit ) TheHohmanntransferorbit ame Asthe Soyuz is moving faster, 

minutes toblastintospace, 8a ThelSsSorbitsthe Earthata =  isn'talways precise, and the ' jtovertakes the ISS above it, 
but itcantake hours orevendaysto higheraltitude,sothe Soyuz has to Soyuz has to perform small thruster then fires its engines again to enter 
reach the International Space reachitviaan elliptical pathcalleda burnstomanoeuvreitselfintoanorbit another Hohmann transfer orbit that 
Station (155). Following blast-off,the Hohmanntransterorbit.Thisteatures around Earth witha period of 86 brings the spacecraft justin front of 
Soyuz capsule entersorbitbyfiring twoengine burns-onetotake the minutes—fourminutestasterthanthe the ISS, 400 kilometres above Earth. 
its rockets parallel to the Soyuz into the higher orbitand slithtly higher IS58, whichismovingat Thenthe Soyuzturns around, fires its 
spacecratt’s direction of travel. anotherengine burntokeepitthere. around28,oo00 kilometres per hour. engines to slow down, and docks. 
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Is there sucha thing as a black hole in reverse? 


Jhe universe is full of black holes. These 

cosmic objects form when a massive star, 

much bigger than our Sun, collapses in on 
itselfand dies inaspectacular supernova. The 
remains of this star are concentrated into asmall 
but dense area, knownasasingularity, witha 
very strong gravitational pull. In fact, it’s so 
strong that everything around it, even light, gets 


sucked inand cannot escape, making black holes 


difficult to detect. What astronomers haven't yet 


Holes in space 


How might black holes and 
CM aCe ng ee) deo ae 


Down the plug hole 
Everything from matter to 
light falls towards the 
singularity because ofthe 
dent In space-time. 





Wormhole 
Some believe thata black 
hole could possibly fon the 
) entrance toa wormhole. | 


| Travel Huahine time 


| The wormhole may lorma 
| tunnel through space-time 


been able to detect though, are white holes. 
Currently justa theoretical mathematical 
concept, these space objects are essentially the 
opposite of black holes, expelling matterand 
light into the universe instead of sucking itin. 
One theory about the formation of white holes 
isthat they beginas their darker counterparts. 
Once a black hole has engulfed as much matter as 
it can, it may po into reverse, expelling it all back 
out again to become a white hole, Alternatively, 


Inside our universe 

4, bend in space-time brings 
two locations in our universe 
MELO Ne elias dee da a 





hite holes? 


some believe that white holes may be the exit of 
another type of space hole, the wormhole, while 
others have suggested that the Big Bang began as 
a white hole, expelling all the of elements of 

the universe. 

The fact remains though that, as yet, we have 
no proof of their existence. Although white holes 
have the potential to exist according to the theory 
of general relativity, it’s thought that they would 
simply be too unstable to last for very long. 


Singularity 

The dense mass ofa dying star's 

bore is heavy enough to bend the 
| fabricolspace-time around it, 


Black hole 

This curvature of space-me is 
knownias gravity, andina 
black hole itis sostroange thal 
nothing tan escape il 


ed a ee i White hole 
| At the wormhote’s exit, 
ae) matterand lightare thrown 


eee) back out ofa white hale. 


Justas nothing can escape 
a black hole, nothing can 
enter a white hale, 


To another universe 
ee pee) (saeco) tee eee 
portal to a parallel universe 
we don't yet know exists. 
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hat does the Sun look 
like.from other planets? 


Find out whatit’s ; like to look up from the surface of another world 


Mars, thesky is usually a eps] 0] malaika 
PUsteee Ga ei-maeTa mim: |e) elt Pew e) | Lae 
The distance from the Sun also affects the 


pets aes mae ett imee sel ema sieht 

to our planet makes ys the toast ofthe 

solarSystem. Located in the habitable 
zone, where the Sun is the right distance to 
male it neither too hot nor too cold, we are 
et ORCO ESTONIAN O LOL e- LCE tbe eae 
We also enjoy a brilliant blue sky, as molecules 
in ouratmosphere scatter more blue light than 
anyother colour. s 

Take a trip'to the planets Venus and Mercury, 

though, and it's a different story, On the former, 
. the atmosphere is extremely thick, so you'd be 
hard-pressed to see the Sun (and nor would 





| Mercury 


uTy, the closest planet to 
sun ateso-All™, the Sun would 
nearabouts SUimes larger than 
ot 1a in Bart hoAdayon Mercury 
siya 6 Ear thdays, so itwould be 
a ne sky fora lone time 


On Me ri 
i ae 


tne clouds 





te 
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| | Venus 

Jens, a0 0.7241), is the 
planetin the 
this ‘katmosphere, You wouldn'tsee 





| the Sun fienti tt le surface bul 


| Wold ] appes i 


| biggerthan on Earth. 


-you on Jupiter, ceriiiae Uranus or Ne JOAN ota] mm a]ent 


based on somé landers sent there by the Soviet 
Unjon in the raven atari eR reece ee ALG 
the sky looks kind of orange-red. On Mercury, 
which has no atmosphere, the Sun would - 
shine a brilliant -and scorchingly hot - white, 
We're not the only planet witha blue sky, 


itt eh. jupiter, Saturn, Uranus and Neptune, - 
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fe) EVELSIM Es Dect Beem Utd Mite ers ome] oe] ata ee el 
LONGO tem CO MIO Nome rts cto atom ted adf 
looked up from beneath their atmospheres. On 





| Earth 


| Earth isinthe prodigal habitable 


e notest 
Solar Syst Mm due toits zone ofthe Solars 
: distance tram ins 
eht tor liquid water to ex 
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sun's pravitational pull, the time between 
sunrise and sunset is 88 Earth days. At the 


other extreme, Jupiter rotates the fastest, with 


the time between sunrise and sunset being 
EEL MPb als ( thm aCe) PRE Revech De] l ae: 
unique, and looking up from any other world 


would seem incredibly alien. 


rrom Mars, 1.5 Be ov 
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pouldappe AP TWO thirdes 
on Earth. Itreceive 
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Outside the 
Solar System 


To date, we've found thousands 


Rhea ele 
than one bright sun in their sky 














of planets outside our Solar ++ 
System, and same orbit in bizarre 3 
systems that would make thett 
mid aoe a cas Pelee mee a 
a) Felgteire lea) P el ee gl 
system 250 light years away is 
eure rscetrs | |MMmUa lets te Ga e Bee 
ISWASP JOS3010,/8+533659.5, it contains five stars, with two pairs in very tight orbits, Any 
esate ees gee eee pe des icioed ee ee CL eM ele Mette ee Mee at peel es a ea a pod 
Another world, Kepler-/Ob, has one of the closest orbits we know of, It swings around its star : 
fae Gian ee ee ace | metas pe eee ae OOM O OO ai ralept-jag--we men OO e6! OMe (ima ers p nee te | Pluto 
: ; Plute hasan eccentric orbit, « 
further than that at which the Moon orbits the Earth. Its bright, burning star would easily filla as AI 710 a ag ae hac 
large portion of the sky. And spare a thought for anyone on 2MASS J2Z146—8140, which takesa a) timesdimmerthanon Earth, amaz 
million years to orbit its star. From its distant orbit a trillion kilometres away, youd be hard- ) fo4o0 times 01 Bhiter : hase: Hull moo 
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Jupiter Saturn Uranus Neptune 
Ss) AtS.2AU on Jupiter, the Sunisa Saturnis o.5 AU fromthe Sun. Here In the outer Solar System, Uranus is Weptune, 70.1. AU away, (hes 
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hat animals have 
en to space? 


Meet the creatures who paved the way for human spaceflight 


em Fruit Flies 

1 On board a captured Nazi V-2 rocket in 
1947, these tiny pests made history. 

They were the first animals in space, sent to 

explore the effects of radiation on organisms. 

They returned to Earth safely by parachute, 





Monkeys 
A total of 32 monkeys have flown to 
space, beginning with Albert I] in 1949. 





A decade later, a rhesus anda squirrel monkey 
became the first to survive the trip, 


experiencing over 30 times the pull of our 
Earth’s gravity. 


Mice 

Even today, mice are ferried to and from 
the ISS andare key for studies in 
sending humans to Mars. Recently, it 
Was discovered that astro-mice sent to deep 
space showed signs of liver damage. 





Dogs 

_ During the 19505 and 1960s, dogs were 
used by the USSR to investigate whether 
human spaceflight was feasible. The 
Soviets chose canines believing they could 
cope with the stress of the experience better 
than other animals, 





Geckos 

Russian scientists sent lizards to space 
to study how weightlessness affects 
reproduction. When one wriggled free 
of its identification collar, the geckos were 
filmed playing with the floating abject -a rare 
behaviour for reptiles. 





Cats 

In 1963, the very first feline was sent into 
space by French scientists. The cat, 
known as Felicette, had electrodes 
Implanted in her brain in order to record 
lmpulses sent back to Earth. 





Rats 

Love them or hate them, we're 

physiologically similar to rodents. 

That’s why a team of ‘ratstronauts’ are 
currently being used to study how 
microgravity affects organisms during long 
stays in space. 


Tortoise 

The very first tortoise was launched 
into space in 1968 with wine flies and 
mealworms. They flew around the 
Moon and back to Earth, making them the 
first animals to enter deep space. What’s 
more, they survived the trip! 





Cockroaches 
Cockroaches conceived on board the 
International Space Station were found 
to grow faster, run quicker and were much 
tougher than those born on Earth. Perhaps it's 
time to welcome our new insect overlords. 
7 What do humans and jellyfish 
have incommon? We both 
orientate ourselves according to gravity. NASA 
raised thousands of the critters in space to test 


the effects and found the astro-jellies couldn't 
swim innormal gravity back on Earth. 





Jellyfish 


Laika: the first animal in orbit 


sc lO (OTN SMOAPCOLUE AOR OFWs Ee Oe w ele 
Laika-a monerel-was plucked from 
eleriale pai MtRee-1F= peels) te ere the mnie 188 ead a 
reasoned that since she was capable of 
withstanding extreme cold and hungerasa 
miAes MOAT ee CATO PEOR OL ers La) em ce ney Nene) Cars| 

SP OCOU RATIO OTe e eel ema MORONS 
prepare her fora trip to space in 1957. 

sefore being confined to the capsule 

- essentially a metal ball weighing around 
16 kilograms -Laika’s fur was sponged with 
SAV sroies (me) setae eLF Ole) Pen Nem (ele T eR sh 
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painted onto the areas where sensors 
would be placed to monitor all of her 
Teel mantetma(elniee 

There were no plansto retrieve Laika 
from space and she died several hoursinto 
the flight from stress and excessive heat - 
MeN ace ai Mn eden eels ese ee eR ee ee 
Sputnik 2 circled the Earth 2,570 times 
ele(e con O]UIMaDIeT Mel eRiOR Gs =a ot dada 


atmosphere. In 2008, a monument was 


erected in Laika’s honour, outside the 
Moscow facility where she was trained. 
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How far can we see? 


Discover the most distant object visible to the naked eye in our night sky 


Fou might think you need a telescope to explore the universe, but 
find yourselfa suitably dark sky, free of light pollution, and even 
your naked eye can uncover the wonders of the universe —-or, at 

least, Our own galaxy. 

When looking up atthesky, every star you are seeing is within the 
Milkey Way. The only objects you might be ableto spot thatare outside it 
are the Andromeda Galaxy, the two Magellanic Clouds, and the 
Triangulum Galaxy. 
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What is dinner like in space? 


This makes the latter the furthest object you can see, 2.7 million light 
years fram Earth. You might be surprised that we can't see much outside 
our galaxy, considering how many stars arein the night sky. But that’s just 
a measure of how vast space really is; there are an estimated 100 billion 
stars in ourgalaxy alone. Other galaxiesaresimply too faraway to appear 
bigin thesky, and require large telescopes like Hubbleto be explored. In 
our galaxy, the furthest star you can see is likely to be V762 Cas, more than 
16,000 light years away. 
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The ultimate out-of-this-world dining experience is not as glamorous as it sounds 





ritish chef Heston Blumenthal is renowned for his experimental 
_approach to cooking, but his latest challenge took food science to 
new heights. In collaboration with the UK Space Agency, 
Blumenthal created a selection of dishes for astronaut Tim Peake to enjoy 
on board the International Space Station. 

NASA has strict regulations dictating what food can go into space and 
how itmust be prepared, so sending restaurant-quality meals into orbit is 
no easy task. Everything must be heated to 140 degrees Celsius for two 
hours to kill offany bacteria that could make the crewill, whileanything 
that creates crumbs is strictly forbidden — they could easily float into 


pp 
iA, 


To ‘stop food floating away, it 
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Instruments or equipment and could potentially cause serious damage 
-nota risk worth taking. 

Eating inspace is not always a particularly enjoyable experience, either. 
Microgravity causes body fluids to pool around the astronauts’ heads, 
which compresses their sinuses. This affects theirsense of smell and taste, 
so strong flavours are needed to stop food tasting bland. Another factor 
Blumenthal had to consider was the psychological impact ofa six-month 
stinton the ISS. He created some of Peake’s favourite dishes—including 
space-triendly bacon sandwiches, beef stews and Thai curries—to remind 
him ofhome. 


1 





el. 


ECR el Uatinldpre)) 
elt Ae emai le) elas 
Major Peake’s meals 


How It Works 





/o 


UKE Tim Peake Hevion Bhurenihnal: ALARA 


ith 
—_ 


AMAZING ANSWERS TO CURIOUS QUESTIONS 





How do frozen worlds form? 


Icy planets exist beyond the Solar System’s snow line 


Collisions Planet formation 
Lrainsofice, metals Many large clumps collide to form 


| and minerals crash planetesimals. Theirincreased 


Freezing conditions 

Althis distance from the protostar, 
the ultra-reezine conditions enable 
baby planets to form, whichare 


capable of becoming gas clans 


Into each other to gravity attracts more ofthe 
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The solar nebula 
Planetary systems lile 


Within the : our SolarSystem form 


snow line out ofa flattened cloud of 
Within the snow line fAsand dustaraunda 
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How do we search for super-Earths? 
There are rocky planets bigger and more massive than Earth 
orbiting stars many light years away, but why do we seek them out? 
e ver the last decade or so, astronomers have Could they support life? It’s possible -some 


OUTRO) CeR Gets meee lee ee ea melts pel eael ©) super-Earths have been found inthe habitable 

= totentimes more massive than Earth zones of stars, where the temperature would allow 
orbiting other stars. They call them ‘super-Earths’, liquid water to exist. The conditions wouldn't be 
although that can be misleading as they may look the same as on Earth, however, as surface gravity 
O]AAUOATeM UD Ccen aL RUM e)ecUEL asia) em MO Lets DeeMe OTAL ela @ would be stronger, the geological activity may be 
the easiest rocky exoplanets that scientists can differentand the atmospheres are often found to be 
detect. Their hefty mass meanstheirgravitycauses thick, which makes it easier to study the gases 
stars to wobble to a greater extent, giving away present. Above all, astronomers are invested inthe ee ; 
their presence, whiletheirlargediametercausesa | search forsuper-Earths because we have nonein sess feats arbour emlne > le veal 

4 (right) in the habitable zone of a star, 

dipin brightness when they are seen transiting our Solar System. That means they are among the mee igee hte tela hd ad 
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Don’ ’ panic! aerated onli 
sensationalist headlines explained 


eadlines ofan asteroid Armageddon NASA's Near-Earth Object Program limited observations, which is why the range 





may sell papers, but in reality these and tracks asteroids and comets thalpase a of distances and flyby dates tend to vary. 

space rocks rarely pass within the Monee LORe PMs Che MS RIOTS Ere t lama These relatively inaccurate predictions are 
Moon's orbit. In February, NASAannounced the programme is identifying Potentially refined over time as more data is collected by 
that the asteroid 2073 TA68 could pass as close ates EOIN Ut it CU ei we eatcl aL uat eR Me lege) i ratetatc acct TOM bie UO RCM ODN OLS A MOT e TSE ESL ky 
a517,000 kilometres, oras faras14 million impact Earthin the future. Theseare classified providing better figures to draw from. Several 
ANG aeecBUee tees aa ebce lacs te =m meme ep aby STS ets ita ee) (eae eee EOL en ei eee ere weeks after the announcement, NASA 
range of uncertainty that often causes a stir orbits that will bring them within 7.5 million updated their predictions for 2013 TX6é, which 
EDIT eerM ai sent MelPLalcipcwa els) bR=e4e]s]aect-]8)elcrcba (ee aD) 0 lO cana Pee swooped safely past us at a distance of 4 
eTseOMPONtERCem @esBe Rss ii le) tH lea uae Bie tlelA GUNA Initial estimates ofthese PHAsoftenappear million kilometres. For now, atleast, there is 
GRU eR ar eA DATES EMG easly understand it. threatening because they are based on quite HCO AOUCSEM CH) MPR COR GOO ates Leh 














Potentially Hazardous Asteroids 
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What is the 
ee SleneBeats (els 
a ee up of? 


Our planet orhits alan average Our parent Star is al structure of 


distance of15o million kilometres from 


| the Sunt; Cl le rip fit chs tance for liquid immense, turbulent energy 


water to existand for life to flourish. 
he Sun is the biggest reactor for trillions of 
kilometres. Atits core, an incredible 600 million 


tons of hydrogen is used up every second, asitis 


Flare transformed into helium via nuclear fusion. This 
Magneticenergy accumulates continuous process generates an enormous amount of 

ae ee ak rare PEM eGRy ech eaclety ellie 
ciraceasasolar flare million degrees Celsius. But the energy forged inthe 


Me}e=mel elma lem easel SRS M ON ota eem neeciC=: (em ime] 7'a pete Melb wp Tat 
outwards through the distinct zones of this gigantic 


Chromosphere 

The area directly above the photosphere 
isactually hotter than the region below 
it, with temperatures ranging from 3,700 
fo 700 G 12 Bree 2 ales 


| Corona 
At the guterm layer ithe Suni, 
|} temperature se significan 
| yigitat haifa millieeer mes Ce h si: 


|} Energy migrates towards 

| the: “urta eva CONvecnoan § | 

—currentsformedotheated | 
and cooled gas. 





Dis ‘over ‘ihe structure 
of our local star 
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burning staruntil it nally reaches the 
Somes ieee le lcg ales) coe 

Unlike on Earth, this atmosphere is not just 
dominated by gas; on the solar surface, highly 
energised particles of plasma are in abundance. 
This state of matter is excitable, and is involved in 
many of the Sun's turbulent behaviours, Solar flares, 
prominences (curved beams of plasma) and solar 
TOUACO Rest COCOA om ser MS CONE AeA Urge enn ne 
space, and some scientists are still unsure as to why 
these occurrences appear to happenirregularly. 

A em ee ho) eG see RCO Res mel epee MLO) nLE 

outbursts of energy - thanks to our atmosphere and 
the planet's magnetic field -it’s easy to think ofitas 
a dormant beacon of light, But our local star is in fact 
very active, and as we learn more about its 
individual layers we begin to understand more 
aboutits activity. There are multiple missions 
planned to investigate the Sun in more detail. We 
can only collect data from so far within, but these 
missions will provide more insight into our volatile 
solar neighbour, 


Solar wind 
Particlesand plasma 
are constantly thrown 


from the Sun outwards 





Intt Space, 


Photosphere 


Alayerthatstretches away from the 
convective zone for about 400 
| kilometres. Teniperatures range 


rom 3,700 (oO 6, 20 


| Radiative zone 
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/} Core 
Thermonuclear fusion 
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Prominence 

Ahuge, curved beam of 
plasina, anchored to the 
photosphere, stretches 


oN cb ee a 
outwards from the surface, 
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How do gas 
“at DelEswCele sels 


There are two competing theories to explain the 


birth of planets like Jupiter and Saturn 


Cosmic cannibalism 
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Cosmic debris 
The process begins as 
the dust and gas lett 
over when stars form 
atten outinto a dise 
shape, and over time 
the particles inside 
start to collide. As 
they bump into each 
S) Gta ate ate (=e es 
stick together, 


Core formation 
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WSO RRe stam ribet PR OOo ns 
gravitational pull gets 
stronger, and they 
begin to attract more 
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the surrounding pas 
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Picking up gas 
The rocky planets 
closest to the star are 
erage) e eel Calre 

ab ele ten ane Pellet 
light gases away, but 
those further away 
are shielded. They 
accumulate excess 
gas, steadily growing 
in size. 


Destroying the 
competition 
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Born from pebbles 
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pebbles 

Fo weele CaM Cams wma Less 
sugpests that pas 
fiants form from icy 
‘pebbles’. These 
clumps start small, at 
justthe width ofa 
auet=s me) bimet=Bad (ah) 
sweep through the 
ees esa ed Cole ee eee 


Gathering dust 
The pebbles orbit 
through the dust 
cloud surrounding the 
young star, gathering 
material rapidly as 
they go. Small 
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forming planets, 
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Carving a path 
etcR Mat omersbee4 tc POLE e SEL 
in size, they carve out 
paths in the disc. 
Instead of forming 
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Diatew-laccanirelan 
This process happens 
rojo bres agate) ae Beau 
million years. Once 
the gas giants have 
a UCe RM elon hc elece 
planets can start to 
form closer to the 
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produces the planets’ r 
heat and light. 5 
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Juno help us 


discover about Jupiter? 


The secrets of the king of the Solar System are about to come 


under the scrutiny of a bold 


ASA’s Juno spacecraft has been 

racing towards Jupiter at 97,000 

kilometres per hour since leaving 
SUM U UB tare bene: Peek lege ee me LO Melos lem H ele matcle) 
MEA OM teem eet teeemems TIPS O eae eee 
setting the record for the most distancea 
solar-powered probe has ever flown. 

Jupiter is the largest planet inthe Solar 
system, spanning 143,000 kilometres across 
CM Uese TOON MOOR Meee MORN Lec BUN Gem Cerne ete B 
UGcte ecto sete em LOEW OM Ui ers OEE Ge AN icde kT TES LOLS 
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appearance is famous forthe stripes of 
creamy white, orange and brown. The biggest 
cloud pattern is the Great Red Spot, a huge 
anticyclonic storm that's big enough to fit our 
STOMP Cem e) aaa tsim Pees tatey 

What lies deep within Jupiter's core isstilla 
mystery, however. What does its gaseous 


new mission 


composition tellus about the materials that 
went into its creation? Does the atmosphere 
contain water, and what lurks beneath the 
cloud tops? Juno will attempt to unravel these 
Wy ecitcl els AON cee D eRe U NTR come Ree tL 

Jere (MatMes DME EON meld O eee mht eee elt 
over the poles of Jupiter. Here, it will be able to 
observe the dazzling northern and southern 
lights and learn how they are created by the 
planet’s magnetic field. Incidentally, that’s 
what inspired Juno’s name: |Upiter Near- 
polar Orbiter. 
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runs out of fuel and is sent hurtling into 
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contaminate any alien life that may inhabit 
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How to build a 
giant planet 


Qur Sun formed 4,5 billion years aga 
froma giant, collapsing cloud of gas and 
dust. [he leftovers of this gas and dust 
formed a spinning disc around the baby 
Sun and had soon formed a number of 
planets, Moons, Comets and asteroids 
too, Scientists, however, don't know 
much more detail than this and that's 
what Juno has been sent to find out 

The secret te the birth of the Solar 
System les deep beneath the churning 
mel Pi ema) eee eco eT LOMA eet com nA 
Leelee eee ee game telat eel eee] 
De Meee Lidar eel elias] eee eed 
Was a Giant rocky planet ten times more 
massive than Earth, which formed from 
a swarm of icy ‘planetesimals’ - objects 
[egg e eee ieee ce eae etc 
maternals — that came together under 
gravitation to create a planet, This was 
CeCe) ORs *) COR nM eral etm: eae eee | 
See AM ee ee ee dee 
become the biggest gas giant in the 
Solar System. 

VVeMse aa idl Maal -le la cm ens eee) epee 
never had a rocky core and Instead 
condensed out of gas like the Sun cid 
By carefully measuring Jupiter's 
magnetic and gravitational fields, Juno 
Will be able to assess whether it has the 
remnants of a rocky core or notand 


determine which scenario is correct. lf 
jupiter does Nave a rocky core, then it 
means that the planetesimal theory is 
likely, and planetesimals can then be 
Tere eee eal lines maa eaars ide nme) mela tet 
ale eee Eadie eae ee 
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S== AMAZING ANSWERS TO CURIOUS QUESTIONS - 


<¢ An apparent solar 
day varies in length 
throughout the year by 
about 16 minutes either 
side of 24 hours 77 





How far can we send a spacecraft 
before we lose contact with it? 


& & communication becomes impossible is amplified back to us. 
limited only by the radio technology that we Advances in this technology have allowed 


Nave and will develop. us to receive transmissions far longer than 
Voyager 1, launched in 1977, is currently expected, and newer spacecraft with more 


over 270 billion kilometres away, Dut we are powertTul transmitters could in theory extend 
still able to exchange information with it this range even turther. We will lose contact 
using radio signals. On Earth, huge antennae with Voyager when it runs out of energy in 





pointed towards the spacecraft pick up its around 2025, 


eemeee , Cantwo planets share 
eel’ the same orbit: 
Blanets can share an orbit, as 
sors BES Beem Olea gm ee: E exemplified by two distant planets in 
the KOI-730 system spotted by the Kepler 
is rare since a shared orbit will usually lead 
| Le) ae to one planet being flung outwards, or the 
Taevae (Oi siew Melt) mls) ]y simoe =| |eldier=| holga) two colliding. 
7 The only exception is if the larger planet 
sits ina ‘sweet spot’, 120 degrees in front of 
. or behind the smaller planet. These 
ly longer than the Tain ake wie] locations are called Lagrangian points, 
where the gravitational forces exerted by 
the other planet and the star cancel each 
other out, creating a new and relatively 
stable system. 
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Why ts the Moon slowly moving 


away from us? 


ry the ocean tides are causing the 
Vioon to gradually drift away trom 
Earth, The Moon's gravitational pull on 
our planet's water creates a slight bulge 
on the ocean surface on the side of the 
Earth that ts closest. This bulge in turn 
exerts a gravitational pull on the Moon. 


But as the Earth rotates, the bulge 
moves forward in relation to the Moon. 
As a result, the Earth's rotation slows, 


giving a little bit of energy to the Moon, 


making it orbit slightly further away. 
Each year, the Moon edges about 3.78 
centimetres turther away. 


How do we know 
what stars are 
made o 


. strophysicists learn what stars are made of by 

studying the light they emit. Light reaching Earth 
[rom a star can be analysed using a spectrometer, 
which separates it out into a spectrum of its 
constituent colours. However, the spectrum is not a 
continuous sequence - certain colours of light are 
absent. This is because elernents within the star 
absorb specific wavelengths. Sodium, for example, 
absorbs yellow light strongly. By seeing which 
wavelengths are missing, scientists can deduce which 
elements make up the star, 
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¢¢ Light reaching Earth 
froma star can be 
analysed using a 
spectrometer, which 
separates tt out 
into a spectrum of tts 
constituent colours 9? 
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- When the Solar 


Why doesn’t our eit herhne-r 5 tat lg 4.0 
| ; | as it was the first moon hy ’ “{ 

A | (a 3 ) » discovered - all others are LULLOTT Years Usd; 

Moon name? _ discovered-a vier ranioceien 


The word derives from the 


Old English term ‘mona’ and would undoubtedly 


was initially used just for our 


Moon. The term later came have been present 


to describe other planets’ 


aYsia0 |=] ete) 0 es in the swirling 


century, after Galileo 


famously first observed dust and rocks 


Jupiter's moons in 1610. 


The Moon has other names that accreted to 


in other languages: ‘Selene’ 


in Greek or ‘Luna’ in Latin. form planets Is 
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Is it possibl fe lid t 
light speed? 
move at light speed: 
Biinstein's theory of relativity states that it's impossible for an 
Bsobject with mass to travel at the speed of light. Accelerating an 
object requires energy, and as the speed increases, the amount of 
energy required to speed it up any further increases. Getting it to 
the speed of light would require an infinite amount of energy, which 
Is Impossible, This is due to the relationship between mass and 
energy. The faster an object moves (i.e. the more energy it has), the 
greater its mass. 

Despite this, some things can travel at 99 per cent or more of the 
speed of light. Inside man-made particle accelerators, particles 


typically travel at speeds just a few metres per second shy of the 
speed of light. 
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Science 


Let the battle of 
the brains begin 
It’s time to discover the routes and 
rewards available to these scientists * 
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Brain surgeon 
In the UK, training for brain surgery 
begins with a five-year medical 
degree. This is followed by two years 
of foundation training, and then at 
least eight more years of 
neurosurgical training. 





Rocket scientist 
There are different routes into rocket 
science, but most begin with a 
three- or four-year degree. Some 
follow up with a PhD, but it’s possible 
to enter the field without a university 
education via an apprenticeship. 


ttt itiatihs ey y 


& 


Rocket scientist 
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& 
Brain surgeon 
Brain surgeons are responsible for 
the lives. of their patients, and 
operate on the most complex 
structure in the human body. Steady 
hands and millimetre precision are 
required. This is life and death work. 


pound projects to send the latest 
tech into space. Most missions are 

unmanned, but some carry crew. 
Others work in defence, critical for 

protecting soldiers and civilians. 


8 
Rocket scientist 
Rocket science is based on physics 
and formulae, with hundreds of years 
of research to draw upon. But, rocket 
scientists work at the edge of this 
knowledge, combining several 
scientific disciplines. 
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Brain surgeon 

The human brain is exquisitely 
complex, containing an estimated 86 
billion neurons. Our understanding of 

its biology is incomplete, but brain 
surgeons are effective in their 
roles regardless. 
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Brain surgeon Rocket scientist 
Brain surgeons have treated Rocket scientists are the brains 
hundreds of thousands of people with behind every space mission that has 
conditions ranging from brain cancer ever launched, Their work took men 
to epilepsy, changing the lives not to the Moon, carried rovers to Mars, 
only of their patients, but also of their and put up every single 
families and friends. communications satellite in orbit. 
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Brain surgeon Rocket scientist 

The starting salary for a newly The salary for an aerospace engineer 
qualified doctor is about £23,000 a Starts at around £22,000 in the UK 
year in the UK, but a consultant and can rise to over £60,000 with 

surgeon can earn over £100,000. years of experience. The highest paid 

This includes warking nights, NASA engineers can earn over 

weekends and on-call. $150,000 (more than £120,000). 
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These scientists work on multimillion- 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 





Brain SuUrBe 





Brain surgeons operate on the most complex structure known to humans 


eurosurgeons are responsible for 

the treatment of disorders of the 

brain and spinal cord. It'sanarea 
of medicine that has evolved from crude 
practices like lobotomy to intricate 
operations performed under microscopes 
with the assistance of robots. 

The field is notoriously complex, and 
many surgeons choose to specialise ina 
particular area, including neuro-oncology 
(tumours), paediatric neurosurgery (babies 
and children), functional neurosurgery 
(chronic diseases like epilepsy), 
neurovascular surgery (aneurysms and 
blood vessel disorders), or traumatology 
(head injuries). And surgery only makes up 
a part ofa brain surgeon's week. 

They can spend a couple of days in 
theatre, but the remainder of the time is 
often spent working with patients outside 
of the operating room. They attend clinics 
to diagnose and monitor, and conduct 


surgeon Henry Marsh specialisesm aveake * 
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ward rounds to follow up on their patients 
after they've been operated on. 

Many operations typically involve 
removing a section of the skull and 
stapling it back into place but, as the field 
advances, surgeons are working with 
smaller and smaller incisions. A 
combination of scans and microscopes 
help the team to find the correct location 
during surgery by magnifying brain tissue 
and revealing areas of damage invisible to 
the naked eye, And, ifthe area can't be 
accessed easily, flexible cameras called 
endoscopes can be used. These are 
equipped with surgical tools, allowing 
surgeons to get at hard-to-reach areas with 
minimal disruption. 

Endoscopes are generally used for 
surgery at the base of the brain, and the 
camera is threaded througha coin-sized 
hole in the skull, or through the mouth 
or nose. Scans guide the probe, and 


robotics can be used to steady the camera 
as biopsies are taken or tumours are 
carefully removed. 

Another option is noninvasive surgery, 
with a tool called a gamma knife replacing 
the typical stainless steel scalpels. This 
process involves the use of beams of 
gamma radiation to deliver high doses of 
radiotherapy to specified areas of the brain 
while sparing as much of the surrounding 
healthy tissue as possible. 

As technology advances, simulation is 
set to become an invaluable tool ina brain 
surgeon's arsenal. Computer models will 
allow doctors of the future to predict the 
effects of surgery before they doit, taking 
into account the impact different cuts 
would have on healing time and side 
effects. Virtual or augmented reality 
systems could one day allow surgeons to 
step inside 3D maps of their patients’ 
brains before, and even during, surgery. 


Live images enable Pet fae aie 
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What makes brain 
surgery so hard? 


Infection 
It’s critical to keep 
everything sterile to 


There are numerous risks and | prevent infection 
challenges associated with ) | inside the brain. 
operating on the brain | | 


Clots 

A Dlodd clot could develop 
during oraltersurzery, 

potentially obstructing blood 

supply to partatthe brain 


swelling 


surgery. and 
sometimes the 

flap of bone is 

leftoti bora few 

days to allow it , 
to subside. ; a 


Fluid leakage | , 1 
The brainds cushioned by 
cerebrospinal fluid, and this 
can leak out duringandatter 
Surgery, causing headaches ’ ) 
and blurred vision, 

| 





Breaking bad news 
Surgery can be msky, and part 
bla brain surgeon's job isto 
inform family members when 
operations don't go well. 


Evolution of brain surgery 


Ancient bones suggest brain surgery has a long history 


The braincan . - | =. 
swell afte . - , =~ V7 J 





Bleeding 

The brain is covered with 
a rich network of blood 
Wessels, SO SUIPEONS Use 
clamps and cuffs to 
minimise bleeding. 


Seizures 

Patients can experience 
seizures during SUIBeTY, 
particularly ifthey are 
conscious while the 
operation is taking place. 


Collateral damage 
Surmecns work within 
millimetre mareins, Gul 
sureery Can cause damage 
fo Se Fl SES, speect 1. Mf eMmory 


and muscle control. 





Archaeological evidence 
suggests that the first 
surgery ever performed 
was brain surgery, 
Trepanation involved 
making a hole in 
the skull, thought to 
release spirits and 
relieve headaches. 





In this year, William 
Macewen removed a 
brain tumour from a 
patient for the first time. 
The woman is thought 
to have had a slow- 
growing, noncancerous 
growth called 
a meningiona, 


Wilder Penfield began The first lobotomy was 4 patient known as HM 
developing the performed in an attempt underwent radical 
techniques for awake to treat mental illness, surgery to cure his 
craniotomy, using local disrupting connections epilepsy, and ended up 
anaesthetic to perform in the frontal lobes, with severe memory 
brain surgery while The practice stopped problems. His case was 
patients were conscious, when drug treatrnents followed for 50 years, 
to help avoid damaging became available in revealing a lot 
functional areas. the 1950s. about memory. 


a 
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The first ever human 
head transplant was 
attempted by Italian 
surgeon Professor Sergio 
Canavero on two 
cadavers. He used a 
specially developed knife 
that cut with micrometre 
accuracy. 
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ocket science 


Rocket scientists design, develop and test rocket 
engines for use in space and defence 


hen people think of racket 

science, they most often think 

of space, but the field deals with 
the physics and engineering of anything 
powered by rocket engines. This includes 
missiles, aircraft, spacecraft and, 
technically, fireworks. 

Some of the very earliest rockets were 
tubes filled with cakes of gunpowder - 
used by the Chinese as weapons as early as 
11432. The powder contains carbon (the fuel), 
potassium nitrite (the oxidiser) and a bit of 
sulphur, which helps to get the reaction 
going. As the gunpowder burns, 
it creates gas, which shoots out of the back 
of the tube as exhaust. This exhaust 
propels the rocket forwards. Adding metal 
oxides to the mix creates colourful 
firework displays. 

Modern rocketry is based on the same 
principles, but it didn’t really get started 
until the early 1900s, Rockets contain fuel 
and an oxidiser and work by funnelling 
exhaust gas through a nozzle. The nozzle is 
designed to let the gas expand and cool 
before it escapes, allowing more energy to 
be extracted by the engine. The earliest 
rockets were based on solid fuel, and these 
are still used to provide powerful, 
consistent thrust, but the power output 
can't be controlled or switched off. Newer 
liquid fuel engines get around this 
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problem, but come with complicated pipe 
systems and the fuel is heavy and therefore 
a lot more expensive. 

A rocket scientist's job focuses on using 
expertise across the scientific disciplines 
to find a balance. Whether it’s working out 
the right combination of rocket stages 
required to lifta satellite, or developinga 
new nozzle from lighter materials that can 
still handle intense heat, they develop, test 
and refine rocket engines to make them 
cheaper, safer, lighter, more powerful and 
more efficient. 

To do this, they not only need to 
understand the chemistry of the 
propellants; they also need knowledge of 
engineering, aerodynamics, and the 
physics of flight. And, with test launches of 
new technology being expensive and 
dangerous, much of the development work 
involves small-scale models and computer 
simulations. This allows researchers to run 
multiple tests, tweaking lots of different 
conditions to come up with the optimal 
solution before it's ever tested in reality, 
but itadds an extra layer of complexity to 
the job. 

Advances in rocket engines are going to 
be crucial as space exploration projects 
become ever more complex and ambitious, 
and rocket scientists are the people who 
are going to make it all happen. 
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What makes rocket 






science so ae ners Advanced mathematics 


This field has a reputation for being Bnrkoterantivie hand tn 
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Tight schedules 
To ensure the rocket's 
payload will beable to reach 


a 
Its.cestination, scientists 





























have to consider and work toa 
missions optimal launch 
Window. which takes the 

| target's relative speed and 
position compared to Earth 


1 Fre “- Le 
Inia accent] is 


Pre-launch modelling 
| Launching rockets 1s 
TAPETISIVE, ou rockel 
scientists develop compute 
proeTammes and smail-scale 


mocels to test their ideas. 




















Reuse of parts 
Launcnes. are expensive, 50 
rocket scientists are 
constantly working on ways 
to reuse components to bring 


Costs down. 


Handling vacuums 
Launch is only halfthe 
battle. Moving craftin 

ole PMeans Sit le 
principles and 


Teguipment 
thatwrill work ina vacuum 








Mastering materials 
TI LP USES Pea H Lem pe aLuUres in 
the thousands of deprees. They 
need to handle the heat without 


weighing the rocket down 


Withstanding launch 


Rockets need to be as light as 
possible, bul they must alsa 


heyy i ; the: Piri tan] Ft H 
One Lp bo Te § SSeS oF ito 





Choosing fuel 
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How do our hearts beat? 


How one of your hardest-working muscles keeps your blood pumping 


Y: 


ur heart began to beat when you 
were a four-week-old foetus inthe 
womb. Over the course of the average 
lifetime, it will beat over 2 billion times. 

The heart is composed of four chambers 
separated into two sides. The right side 
receives deoxygenated blood from the body, 
and pumps it towards the lungs, where it 
picks up oxygen from the air you breathe. 
The oxygenated blood returns to the left 
side of the heart, where itis sent through 
the circulatory system, delivering oxygen 
and nutrients around the body. 





The cardiac cycle 
A single heartbeat is a series of 
organised steps that maximise 
blood-pumping efficiency 





Right atrium 
Deoxygenated blood 
fromthe rest ofthe 
body enters the 
chamber via the 
superior ane inferior 
Vela Cava. 


Diastole 
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The cardiac muscle cells 
are relaxed, allowing 
blood to enter thre 
weritricles freely, 


as 


The pumping action of the heart is 
coordinated by muscular contractions that 
are generated by electrical currents. These 
currents regularly trigger cardiac 
contractions knownas systole. The upper 
chambers, or atria, which receive blood 
arriving at the heart, contract first. This 
forces blood to the lower, more muscular 
chambers, known as ventricles, which then 
contract to push blood out to the body. 
Following a brief stage where the heart 
tissue relaxes, known as diastole, the cycle 
begins again. 
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Blood enters the 
ventricles 

The blood moves down into the 
verntricular chamber due toa 
difference in pressure, 





Atrial systole 

The atria contract, 
decreasing involumeand 
squeezing blood through to 
Lhe ventricles. 


The first law 

The amountofkinetic energy and 
heat enerry created is equal to the 
amount ofenengy stored in the fuel, 





Ventricular septum 
Athick, muscular wall 
separates the two ventricular 
chambers of the heart, 
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= Adrenaline and noradrenaline secretion: 
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Over the course of the average 
ee ee lifetime, the heart will beat over 2 
billion times 


blood flowing back inta the atria. 


Blood enters the atria 
Circulated blood returns to the 
atrium to begin a new cycle. 





Ventricular systole 
The ventricles contract, 
INCTeaSINE PTeSSUTe as 
the volume of the 
chambers decreases. 
ee 
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Atrial diastole | 


The electrical 
Current Moves past 
theatria.and the 

musclestelax. 















| Thick muscle tissue 
The more muscular tissue ot 
the ventricles allows blood to 
be pumped ata higher 


pressure than the atria, | 















Semi-lunar valves open 
The pressure inthe chambers 
forces blood through the valves 
and into the aorta and 
pulmonary artery. 


0 Blausoneallery any, Alamy, Thinkstoels 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


What is the pH scale? 


What do the terms acidic, neutral and alkaline mean? 


he pH of asolution is a measure of and for every step down in the pH scale, 

how acidic oralkalineitis ona the concentration of these extra ions 

scalein whicho is the most acidic, increases. Solutions of pH 6 have ten times 
7is neutral, andi4isthe mostalkaline, but the concentration of hydrogen ions as 
what are we measuring? Let’s startin the solutions of pH 7. Solutions of pH 5 have ten 
middle. Pure water has the chemical times as Many again, and so on. 
formula H20, and is made from two Alkaline solutions have extra hydroxide 
bonded ions: hydrogenand hydroxide.The ions. The concentration increases tenfold 
1ons are in pairs, one hydrogen bonded to with every step up on the pH scale. Ifyou 


one hydroxide, and the pH is neutral. add an acid to analkali, the extra ions can 
Acids have extra hydrogen ions that do come together to form water, bringing the 
not have hydroxide ions to pair up with, pH back towards neutral. 


Everyday pH Find out where everyday substances sit on the pH scale 
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Sea water —_ 
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What is the blood-brain barrier? 


This biological wall keeps your brain safe and secure 


our brain is arguably your most 

important organ, and itis vital that it 

isn'talfected by wayward chemicals 
or ageressive infections. To keep your nerve 
cells safe, your body builds a biological wall 
called the blood-brain barrier. 

Blood vessels are the highway of the 
human body, carrying nutrients and oxygen 
to tissues, and taking away waste products, 
but unfortunately, they can also transport 
harmful chemicals and infections. In most 
parts of the body, chemicals are able to freely 
cross through the walls of the blood vessels, 
leaking between the cells and out into the 
tissues, but thankfully this does not occurin 
the brain. 

To prevent unwanted contaminants from 
entering, the cells lining the blood vessels are 
closely knitted together by structures called 
‘hght junctions’. Web-like strands pinthe 
membrane of one cell to the membrane of the 
next, forminga seal that prevents any leakage 
through the cracks. 

Wrapped around these cells are pericytes, 
which are cells that have the ability to 
contract like muscle, controlling the amount 
of blood that passes through the vessels. Just 
outside the pericytes, a third cell type, the 
astrocytes, send out long feet that produce 
chemicals to help maintain the barrier. 

5o0me large molecules, like hormones, do 
need to get inand out of the brain, and there 
are areas where the barrier is weaker to allow 
these to pass through. One such region, 
called the ‘area postrema’, is particularly 
important for sensing toxins. Itis also known 
as the ‘vomiting centre’, and you can probably 
puess what happens when that is activated, 










Blood vessels 
The blood carries vital 
nutrients, but it can also 
transport substances that 
might harm the brain. 


Astrocyte 
hese support cells are 
named fortheirstar-like § 
shape, and have long 
feet that release 
chemicals to help 
maintain the barrier. 
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i Transporter 
Specialised 
transporters inthe 
| surface ofthe 
blood-vessel cells carry 
) important molecules, 
such as glucose, across 
the barrier. 















Endothelial cell 
These cellstormthe 
blood-vessel walls, 
Wrapping around to make 
the hollow tubes that carry 
blood to.and from the brain. 
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1 These cells areable to 


wa) Knitted together, 


Protecting 
the brain 


Take a closer 


look at the 
Brain barrier that 
The blood-brain barrier shields your 
helpsto maintain the brain cells 
delicate chemical balance 
that keeps the brain 
functioning normally 
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*;' Leakage 
ft The barrierisn'table to 
(| keep everything out. 

# Water, fat-soluble 
moleculesand some pases 
, areable fo pass across. 






























a 7 =~ = - 


a 
J Cd 


te 


contract, helping to 

revulate the amount of 
blood moving through the 
capillaries inthe Orain, 









Tight junction ~ 
The cells lining the — 
blood vessels areciosely | 





preventing molecules 
from creeping through 
the paps. 
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<< AMAZING ANSWERS TO CURIOUS QUES TIONS 





Discover what your genetic makeup can tell 
you about your ancestral journey 


early every cellin your body houses 
your all-important genetic 


information. Tightly coiled inthe 
nucleus of each cell, deoxyribonucleic acid 
(DNA) forms the building blocks of what 
makes you, you. As the blueprint for our 
bodies, DNA can also reveal information 
about ourancestry. 

In recent years, people have become 
increasingly interested in finding out more 
about their genetic origins. 23andMe, named 
atter the 23 pairs of chromosomes in a normal 
human cell, are one of many companies 
heeding that call and digging into our DNA. 

The way 23andMe identify your genetic 
ancestry is mostly a game of genetic Guess 
Who?, By comparing each customer's DNA 
variants (differences in DNA sequence} with 
those of people [rom around the world, 
geneticists can match and eliminate 
geopraphical locations based onthe 





It’s as simple as AGCT 


From mouth to monitor, how do 
DNA samples become a fact file? 


Collection 
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A calivasampleiscollectedina tube 


And sealed to prevent contamination, 





ae ee 
al iT, " tre oe 
bcal Le | ue 


a eT 


population’s genes, Knowing which part of 
the world your ancestors came from, 
however, isn'tthe only historical information 
that can be extracted from your DNA. It can 
also provide some clues about your genes’ 
journey to where you are now. 

By analysing the mitochondrial DNA—- 
whichis inherited only from your mother - 
and the ¥ chromosome in males, geneticists 
can reveal the migrations of our ancestors. By 
looking at genetic variants and mutations, 
paternal and maternal lines are 
characterised into separate groups known as 
haplogroups. These tend to share similar 
feopraphical roots, and based on our current 
understanding of prehistoric human 
migrations, their footsteps can be followed 
across the globe from a single ancestor in 
Africa all the way to where you are now. 

Within some people’s DNAthere are 
variants associated with our ancient human 
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Who do you think you are? 


relatives. Before the Neanderthals died out 
around 40,000 years ago they coexisted with 
Homo sapiens in parts of Eurasia, during 
which time the two species interbred. 
Remnants of these ancient relationships can 
be found in our genes; research suggests that 
the majority of Europeans and Asians have 
around two per cent Neanderthal DNA. This 
information is related to physical traits such 
as height and hair, and by testing our DNA 
scientists can estimate how many of these 
variants we have in common with our extinct 
Neanderthal cousins. 


«¢ Identifying our 
genetic ancestry is 
mostly a game of 
genetic Guess Who 7” 






Processing 
Once the lab has received a sample, 
DNA is extracted, amplified and 
Placed ona penotyping chip. On the 
chip's sufface are microscopic DNA 
SEQUENCES OF genes. 





Neanderthal variant (non-Alfrican average 280) 
Neanderthal variant (non-African average 280) 


Shares a common ancestor with 
Shares a common ancestor with 


Ancestry composition 
Ancestry composition 
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Incubation 


chromosome, In order to establish paternal 
haplogroups geneticists take DNA variants 


Above: an X (pink) and ¥ (blue) 
from the male ¥ chromosome 
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<< AMAZING ANSWERS TO CURIOUS QUES TIONS 


hat makes hair curl? 
The secret to tousled tresses trerthopa st yeni telitien 
lies under the skin in the ponies 

shape of the hair follicles 


| airs might look similar from the outside, 
) but put them under the microscope and 


se» you'll notice tiny differences in shape. 
Straight hair is perfectly round in cross section, 
while curly hair is oval or D-shaped. The strands 
flex more easily in one direction than the other. If 
the shape varies along the length of the hair it will 
tend to twist. Ifit flips back and forth the hair will 
crimp or kink. And ifthe turns are regular it will 
make waves. These patterns are determined by 
the hair follicle itself. Alook beneath the skin 
reveals that straight hair follicles are straight and 
curly hair follicles are S-shaped. In the straight 








follicles, all the cells work together to make a : Straight hair i Wavy hair Curly hair 
rical hate butin curio itcle hi Straight hair circular in cross Wavy hair ts slightly flattened and Curly hair is oval or D-shaped 
symmetrical hair, but in curly follicles everything section and the follicles are straight. the follicles aren't perfectly straight. and the follicies bend inte an 4S. 


isasymmetrical. 
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The change in 
pressure during 
take-off and 
landing can make 
VOU Bars pop 





hy do our ears 
How do changes in LO on 
ressure make our + i 
earing gofunnyand / 
our heads feel full? 











he middle ear separates the outer 
ear from the inner ear. It contains 
the three ear bones, which send 
Vibrations from the eardrum towards the 
fluid inside the cochlea. The pressure in 
the middle ear needs to be the sameas 
the pressure in the outside world, 
otherwise the eardrum can't vibrate 
properly. Airis constantly leaking out of 
the middle ear and into the tissues. To 
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Eardrum 





keep it topped up the eustachian tube, When the pressure in 

which runs trom the middle ear to the . - ss dee vee Bes, 

back of the nose, opens and shuts to let ised Sens ere cue aca TCE 

air through. -— 
Ifthe pressure changes suddenly, the | 

air inside the middle ear contracts or Fa rb 


expands, pushing or pulling on the ae wa orig get 
eardrum. To pop the ears back to normal anatomy ' Middle ear Eustachian tube 


Ears pop when the This tube connects the 


you just need to open the eustachian The middle ear is full of = oressureinthe air-filled middle ear to the nose 
tubes to equalise the pressure. Try air and sensitive to middie eal doesn eae Uperiinip tt helps Lo 
swallowing, yawning or chewing. changes in pressure HAE De eee A re ME MRINCE HIE BLE SAU 
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Given the choice, most people will 


eae ete ers) daa p ele led 
the curved one Bouba 





Those with easily pronounced 
names are more likely to receive 
votes In elections and even tend 
to be higher up within companies. 


hard to 
Pronounce 





ames can 
wees is called 
nism 











=z Simply asing middie initials can 
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There is a tendency 
in many languages 
for “fernale’ names ta 
end in vowel sounds 
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How do dogs drink? 


Our clever canine companions use fluid dynamics 
to quench a thirst 





Cheeks Scoop Mucky pup 

Dogs are unable to forma Using the tip of Their tongues don't 

proper seal with their em theirtonguelikea actually work very 
cheeks, so they can’t suck up ladle, dogs scoop up water wellasascoop. Most ofthe 
water to drink like we do. towards their mouth. water falls offas it’s retracted. 


Earth's magnetic field 
deflects solar winds 





Rapid Water Snap shut Swallow 
| retraction column Before gravity As the dog 
ee Withdrawing the foe Secs : Sune at ob Resse san K 
TE eee mR a MEI Dl tongue createsa Ip oncreates watercolumnto resh batch of water, the 
—— —_ silat ell RR acceleration,asmuchas Continuestorise closes its mouth the back of its mouth to 
fivetimesthatofgravity. against gravity. aroundit. be swallawed, 
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What are enclosed eco-systems? 


Having everything you need to survive, all in one small sphere 


= magine if you lived inan enclosed big world is very like this little one, and we organic matter decomposes and releases 
I sphere with all the resources you need are very like the shrimp...[but] unlike them, nutrients back into the system. 
to survive and where the only outside we are able to change our The shrimp breathe oxygen and exhale 

input is sunlight. This is how the three environment.” If you think about it, carbon dioxide, and the carbon dioxide is 
shrimp that arrived ina package from the EcoSphere is very much like our own absorbed by algae to produce oxygen. For the 
EcoSphere Associates, Inc -a company that world - everything we need for life is EcoSphere to survive, the cycling of energy, 
builds tiny enclosed ecosystems — not only contained on our planet, with only sunlight oxygen, carbon dioxide and nutrients must 
survive, but thrive. The small glass globe is coming from beyond. The Earth and the be carefully balanced, and the shrimp must 
filled with seawater, algae, microbes, a shrimp’s globe are both enclosed ecosystems not eat algae faster than it can regrow. Too 
tree-like gorgonian and gravel. where sunlight is turned into energy little sunlight, or using resources faster than 

After receiving a similar globe of shrimp, through photosynthesis, where oxygen and they are replenished, could spell disaster for 
the famous scientist Carl Sagan said, “Our carbon dioxide are recycled and wheredead both Earthand the shrimp’s world. 
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How the 
EcoSphere works 
With a little sunlight, the shrimp ite. 
can feed themselves eo LIVING SHRIMP 


Sunlight 
® Theonly input from — 
nutside the ecosystem is 
enerey from suniie ht, 




















Shrimp 

The shrimp living in 
the ecosystem are 
then able to breathe 
inthe oxygen 
produced by the 
algac, and breathe 
out carbon dioxide 
that the algae then 
Uses, and so O91. 


gate mah a at cia 

| Living environment 
The gravel and the gorgonian 
are locations for microbes to 
hook onto, where the shrimp 
then go to feed, 




















Self-sustaining 
As longas you keep 
Lhe ecosystem 
somewhere thatitcan 
receive sunlient, you 
don'tneed todo 

| anything else-the 
ecosystem is thenable 
to look atteritsell, 


ey 


Algae 


The seawater inside 





| } the ecosystem is filled 
Carbon withalgae which use 
recycling , : ~_Y ais ™ - 7 | | energy from theSun 
The algae feed off : ae | : - —, to photosynthesise. 
iInorganicand dead ha nisl a | a A da oa ; = 
material, and use | . . fhe bf ee 
carbon dioxide in . we. Pe 

cm-. 


the water to 
produce oxygen asa 
Waste product. 





| ~ MICROORGANISMS 


CO, & organic nutrients 


How It Works 108 


<= AMAZING ANSWERS TO CURIOUS QUES TIONS 


What if gravi 
was twice 
as strong? 


Find out if your body could cope 





under the strain 


f gravity had always been stronger, our bodies 
would have been under pressure to adapt. We 
might be smaller, with thicker bones and 
stronger muscles. But we evolved with Earth’s gravity 
as itis, and ifit suddenly doubled, we'd be in trouble. 
Our hearts would struggle to pump against the 
downward pull, and our bones, muscles and joints 


would experience serious strain. 








Humans and most 
other vertebrates 
Humans and other vertebrates 
have red blood thanks toa 
protein called haemoglobin. Iron 
atoms in this molecule bind to 
the oxygen we breathe in order to 
carry itaround the body, This 
reaction changes the 
haemoglobin’s structure so it 
absorbs and reflects light 
differently; oxygenated blood 
appears bright red while 
deoxygenated blood is darker. 
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Marine worms 
and leeches 

Certain species of marine worms 
and leeches have a molecule 
called chlorocruorin in their 
blood. Although this protein is 
very similar in structure to 
haemoglobin, it makes their 
blood green rather than red. 
some animals’ blood contains 

a mixture of both chlorocruorin 
and haemoglobin, so to the 
naked eye it would appear to be 
closer to the colour red. 
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Octupuses, squid 
and spiders 

Octupuses, squid, crustaceans, 
spiders and some molluscs have 
blue blood because it contains a 
protein called haemocyanin. 
Unlike haemoglobin (which is 
bound to red blood cells) 
haemocyanin flows freely in the 
vessels, and contains copper 
atoms rather than iron. Although 
the oxygenated form of this blood 
is a shade of blue, itis actually 
colourless when deoxygenated. 


Vleet nare Lea t= 
elephants, would find high 
gravity environments 
Sara tap Mme EPL a ae 





What are the colours of blood? 


Animals have evolved some colourful methods of getting oxygen around their bodies 
Red 





Marine worms 
and brachiopods 
Some species of marine worms 
and brachiopods have blood 
that contains a protein called 
haemerythrin. This gives ita 
purple hue when oxygenated. 
Similar to haemocyanin, 
haemerythrin is colourless in 
the absence of oxygen. While 
this protein contains iron 
atoms, compared to 
haemoglobin it isn't suited to 
binding with oxygen molecules. 
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Is there such a thing as 


perfect 





oosture? 


How slouching affects more than just your spine 


hances are most of you reading this aren't 

sitting or standing properly. Students and 

office workers know only too well how 
easy it is to slip into a slouch while spending all 
day working ata desk. This prolonged poor 
posture puts stress on the neck, shoulders and 
spine, contributing to problems such as postural 
hunchback and spinal misalignment. 

Good posture ensures that you can stand, sit or 
lie down in positions that put the least strain on 
your body’s muscles and ligaments. A quick way 
to check your posture is to make sure your 
earlobes are aligned over the middle of your 
shoulders, your shoulders are in line with your 
hips, and your hips are directly above your knees 


Seated posture 


OL MMA eM eMail (else gees ene eet) 





Natural curve 


Good posture helps 
maintain your spine's 
natural shape, a gentle 


5-Shaped curve 


a 


and ankles. This correct positioning may take 
some practice, but as you retrain your muscles it 
becomes second nature. 

In addition to putting stress on your bones and 
muscles, bad posture affects how efficiently we 
breathe. Hunching the shoulders restricts the 
amount by which the ribcage can expand, 
reducing lung capacity by as much as 30 per cent. 
Poor posture has also been linked to 
neurological issues and heart disease. 

A surprising side effect of posture is that it can 
change how people think. Astudy by Ohio State 
University in the US found that people who sat up 
straight exhibited a more confident and positive 
outlook than those who slumped over. 
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strain 

Bad posture works 
against the natural 
curvature of your 
Spine, Putting stress 
on the muscles. 


awoid resting your 
wuld oh On VOUT forearms 


haraare oe 
Ol BLY YS, cis 


SL tall 


this car 
our shoulders 


and upper back. 


Balanced weight 


MAKE SUre VOUTWeEIEOE Is 


ais ne Tex 


une ‘Donald Duck’ 
Reclining with no lower posture 

back support can hee Frequently wearing high 
com for tableas ilreguires heelsortl 
less muscular effort, but 
over time this puts 
pressure on some muscles 


While weakening others 


pitch your Wweilgnt a Ward, 
so your upper body leans 
forward of your hips.and 


your bottom sticks out. 


De pregnantcan 


cevenly 
6 Your hips toi woid 
TO Lape P Sie 


Jutting chin 
Poking your chin oul when 
ascreenisa 


Standing on one leg 
Leaning onone les rather 
Fhan having your weight 
evenly distributed 
ch oulcte rangle bernween both of them, 
ERE ‘kand bE ‘ad do Ww. DUIS Gx [ha Pressure on 
50 the cninis Hat Pd to Keep One Side OFYOUr lowe! 


crook ing tc wan back and hips, 


viewing 
by-product of poor pasture 
aha 


7m aa bee 
and planks W 
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Hunching over 
Spending hours hunched 
overa d esk ca ntig iphte n 
yePlin et he ‘ld id 
your upper back, 


nebpne Sones 
Crossing your legs forces 
nelvisands spine out 


ofaliznment. 





The solution 
Practise mi ne 
Sas etl 
orrect ings wT 
posture will help 
Lit eee Wime 
DINeninpe YOu 
ewithe 
lee | Dect & rlensic LS 


LSet sly 


help re-train 
weakened muscles. 
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The science behind using liquid powertodo heavy lifting [eieheis 





ydraulics is the system of using | . | all, i: 
liquids to produce power. | nside hyd ra LU [ iCS 


rare ctuodtinamttteck How do hydraulic systems generate so much force? 
transmits pressure through them. The 
pressure is evenly transferred through 
the liquid, soa small push can be used to 
create a large force elsewhere. This can 
be used to move pistons, which in turn 
can be used to perform work, suchas 




































| Force = pressure x 





Long distance 
Ittalces little force ta 
move the narrow 


cross-sectional area | 


lifting with a crane or braking a car. Master piston “ ntutoria lone distance 

Gases can be squashed, pushing the Thena TOW Prato sl ‘ } Slave piston 
molecules closer together to fitinto a pushed a long distance ™y The wide piston is 
smaller space, but liquids are hard to inta the fluid. pushed upa short 


compress, as the molecules are close distance by the fluid. 
already. Particles bump around as they 
move, generating pressure, Push ona 
liquid, and pressure is increased. 

Ina container with two cylinders and 
two pistons, connected by a fluid, when 
you push down ona piston in the first 
cylinder, itwill push a piston up in the 
second. The pressure is equal to the force 
applied, divided by the cross-sectional 
area of the piston. 

Puta bigger piston at the other end of 


the container, and the pressure can be , rT 
used to generate a larger force. You can | | = 
see why if you rearrange the equation - ee ee 
force is equal to pressure multiplied by eee ae 5 
cross-sectional area, Ifthe area of the hard to.com press. Pu: shing 
second piston goes up, so does the force on itincreases the pressure. 
that is generated. 

Using a small piston to compress a fluid 
requires little force, but generates a lot of 
pressure. This pressure can be used to 
move a larger piston with greater force. 


Short distance 

The wide piston only moves 
ashort distance, butapplies 
) % much more force than the 
narrow. ore, 

\ 
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~———— Even pressure 
The pressure spreads 
evenly throughout the 
fluid, transmitting from 
one piston to the other, 
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from the cellar of a tavern 
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How do nuclear — 
power plants work? 


How do we generate electricity by splitting atoms? 






he power of nuclear fission was first fully 
realised during World War Two with the 


lt was only after the war, when the world had 
witnessed this incredible release of energy, that 
attentions were turned to harnessing nuclear 
reactions as a pOWer SOUrce, 

Today, nuclear energy is used to power all 
manner of things from submarines to space 
probes, Even our own homes are partly 
nuclear-powered, as roughly 20 per cent of 
electricity in the UK and the US is provided by 
nuclear stations. 


How a nuclear 
power plant works 


How do we turn nuclear energy into electricity? 





Containment Building 


PETER TEE ee 











Thisis where the uraniim atoms are 
split. The reaction produces thermal 
energy that heats a coolant |typicaliy 
water) in the steam generator. 


Fission explained 


invention of the devastating atomic bomb. 


Like most other means of generating 
electricity, nuclear power plants use heat energy 
to produce steam thatspins turbines. Thisisa 
very similar process to burning fossil fuels, 
currently our main method of producing 
electricity, butit generates onlya fraction of the 
greenhouse gas emissions. 

The fuel used in nuclear power plantsisan 
unstable form of uranium, which releases heat 
energy when the atom is split in two.Ina 
controlled environment like those found in 
power plants, this heat can be harvested for 
efficient energy production. Many people still 


Turbine 

The steam produced by 
the heat of the reaction 
spins a turbine. 
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Steam 
Condenser 









Cooling tower 


Sizewell Bis the only nuclear 
eerie eee eee 
pressurised water reactor | 


have concerns about nuclear power due to 
the radioactive waste that is produced and 
the potential for devastating accidents -such 
as the disasters at Chernobyl in 1986 and 
Fukushima ino. 

Modern designs of these plants, however, have 
safety measures in place that ultimately limit 
exposure of radioactive particles to external 
materials. New techniques to recycle the 
radioactive waste are also being developed, 
which is leading some top scientists to now 
consider nuclear fission as one of the greenest 
methods of generating electricity. 


Electricity 

Generators transform the 
Kinetic enerey of the spinning 
turbines Inte electricity, 
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Excess heatis released 
as Clean water vapour. 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


What happens 
in your brain 
when you 

feel bored? 


he science of boredom hasn't been 
fully explored, but it is an active area of 
research. It is linked to attention, and 
according to researchers at York University 
in Toronto, Canada, boredom comes down 
eeet cca ettres sone | sf | ‘ | to not being able to engage. When you feel 
oot es cone are re ae > bored, you want something to catch your 
Sr / | | attention, but it either doesn’t or can’t. In 
“a Dh response, you either start to switch off, or 
you can begin to get agitated. Boredom is 
reportedly common in people with chronic 
attention problems, and in thrill seekers. 
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Is it true that singing to plants 
helps the m grows 


ot much research has been done onthe tends to grow hardier in windy conditions, 


relationship between music and plant and the vibrations imitate this. In the most 
growth, although the theory has been recent experiments, plants that were played 
around since the 1850s. music or spoken to did grow better than the 
Some researchers believe that sound - it control plants left in silence. 
you think of it merely as vibrations - isa However, it's probably more important to ——— 
form of environmental stimulus that can provide a plant with light, water and soil 
affect the plant. For instance, perhaps it than this week's Top 40. 


Why are song 


lyrics so easy 
to remember? 


ur brains seem to be wired to 

remember song lyrics better than facts, 
or even what we had for dinner. When you 
remember the lyrics to a song, you're also 
remembering the music and the voices, so 
there are several associations for your brain 
to access. If you hear the song over and over, 
repetition also helps you to retain it. It's a 
form of practice. 

The patterns in songs, such as the beat or 
rhyming lyrics, also help our brains retain 
them. Finally, if you like the song, your brain 
will work harder to remember it because of 
the emotional connection. 
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Why does your 
face turn red when 
youre angry? 


At can trigger the fight-or-flight 
. Aresponse - an in-built biological 
reaction that prepares your body to 

stand up to a threat, or to run away. 

The body is flooded with two 

chemical messengers: adrenaline 

and noradrenaline. They make the 

heart beat faster, open small airways 

in the lungs, and increase the rate and 
depth of breathing. They also trigger the 
release of sugar into the blood, and 
increase the delivery of oxygen to your 
muscles and brain. A common side effect of 
this is flushing. Adrenaline can cause the 
biood vessels in the face to get wider, 
increasing blood flow to the skin. 


a : : : * | 
1 = wavelength 
of blac! and 
white light: 
i terms of the electromagnetic 
Lspectrum, black isn't a colour; it's the 
absence of visible light. The term ‘black 
light’ usually refers to a type of lamp that 
operates in or near the ultraviolet (UV) 
range. The lamps have a violet filter that 
block out visible light and let the UV light 
through. We can't see this type of light, 
which is why we call it black. White isn’t a 
colour either, instead it’s the combination 
of all of the colours in the visible light 
spectrum. The wavelengths are between 


400 and 700 nanometres, ranging from 
red to violet. 








oe laeaiieae 
people feel 
. 

much heavier? 

| hen a person's muscles are totally 

relaxed, their weight is distributed 

unevenly over a wider area. A conscious 
person will usually tense their muscles 
when lifted, keeping limbs In or putting 
their arms around the neck of the person 
carrying them. This makes the carrier's job 
easier, as the centre of mass is focused 
centrally. An unconscious person Is limp, 
allowing their arms and legs to swing 
around and causing their centre of mass to 
shift. A fireman's lift allows the carrier to 


grip the unconscious person better and 
manage their weight distribution. 
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Is tt posst 
s it possible 
to learn a 
language while 

| 3 = et 
youre asleep? 
‘aybe! There is evidence to suggest 
that non-rapid eye movement sleep 
is an important time for memory 
consolidation; patterns learnt during the 
day are reactivated and strengthened at 
night. In 2014, researchers from 
Switzerland published results of a study 
that tested whether playing words during 
this crucial sleep period could help to 
trigger these reactivation patterns, 
assisting with learning. They took 68 
healthy volunteers and taught them 120 
pairs of words, one in their native 
language, and the other in a lanquage that 
they did not know. They were then split 
into groups, with some of them being 
played the word pairs again as they slept 
that night, and others sleeping in silence. 
When they woke up, the group who had 
been replayed the words in their sleep 
were much better at translating them. 
Unfortunately though, this method only 
seems to work to consolidate memories. 
You can't press play on a language tape, 
fall asleep and wake up fluent - you must 
do the groundwork while you're awake. 








Era methine 


<« There ts evidence to 
suggest that non-rapid 
eye movement sleep ts 
an important time 
for memory 


consolidation >” 
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Who invented 

E O oo C 
Zorbing: 

n 1970s France, an architect called Gilles 

Ebersolt was probably the first to create a 
giant inflatable plastic ball for people to get 
inside and roll around, which he named the 
‘Ballule’. However, Zorbing as we know it 
today was created in 1994 in New Zealand 
by Dwane van der Sluis and Andrew Akers. 
At the time they were trying to develop 
inflatable shoes for walking on water. When 
this failed they came up with the idea for a 
new fun activity using a giant sphere. They 
called this the Zorb and then spread Zorbing 
across the world. 
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reen tea is sometimes labelled as a 

‘superfood’, but this is nothing more 
than a marketing term. The claims that this 
popular beverage can prevent cancer, aid 
weight loss or slow Alzheimer's disease have 
not been proven, but green tea does contain 
vitamins and minerals that are an important 
part of a healthy diet; it provides B vitamins, 
manganese, potassium, magnesium and 
antioxidants called catechins. According to 
the British Dietetic Association, the evidence 
that green tea is a miracle food is poor, but it 
is Safe to drink In Moderation. 


Does drinking 
alcohol through 


a straw get you 
drunk quicker? 


he notion that you get drunk faster if 

you drink through a straw is based on 
two ideas: Tirst, that you drink faster through 
a straw than if you were sipping your drink, 
and second, that by sucking you create a 
vacuum, which encourages the alcohol to 
turn to vapour, making it easier to absorb. It 
is true that inhaling alcohol vapour gets 
people drunk very quickly. However, the 
amount of vapour created by drinking with a 
straw is tiny, and as long as you drink at the 
same speed, there should be no difference in 
how quickly you get drunk. 


‘does 
igri do to 
our eyes: 


hlorine is used as a disinfectant in pools 

(between 0.5 and 1.5 milligrams per 
litre), and in tap water (less than 0.5 
milligrams per litre). In tests on healthy 
volunteers, researchers at Ryogoku Eye 
Clinic in Japan found that 0.5 milligrams per 
litre was enough to cause some damage to 
the cells found in the thin, transparent layer 
covering the front of the eye. However, 
getting red, itchy eyes after swimming 
cannot solely be blamed on chlorine; when 
the chemical mixes with urine, sweat, oils 
and cosmetics, it can produce substances 
that are much more irritating. 
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How do antiseptics work? 


a prevent infection by stopping 
the growth of bacteria, fungi and other 
microorganisms. Unlike antibiotics, antivirals 
and antifungals, these chemicals are only 
used outside the body, on the skin. 
Disinfectants are similar, but are used mainly 
on hard surfaces like counter tops. Most 
antiseptics work by getting inside 


= 





Whydo | 
balloons hold 
so much static? 


alloons retain a static electric charge 

due to the insulating properties of 
rubber. This material has a high electron 
affinity relative to hair, so when you rub a 
balloon against your head, electrons easily 
come off your hair and build up on the 
surface of the balloon, and it acquires a 
negative static charge. 

Rubber is an electrical insulator, so 
electrons cannot move through it easily. The 
air around the balloons is also an insulator, 
50 the negative charge remains on the 
balloon’s surface, 


microorganisms and disrupting their 
function, but different chemicals have 
different effects. 

For example, some cause cells to leak or 
burst open, others interfere with the 
production of essential molecules, and some 
prevent microbial cells respiring, grinding 
their biology to a halt. 
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How do we 
measure the 
greenhouse 
gases being 
emitted? 
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different at 
high altitudes? 


lthough atmospheric pressure and 

density influence the speed of sound, 
the two effects essentially cancel each 
other out. At colder temperatures, the 
molecules in the alr carry less kinetic 
energy, making sound waves travel more 
slowly. At -l degrees Celsius for instance, 
sound travels at 330 metres per second, 
compared to 344 metres per second at 21 
degrees Celsius, 

However, the affect this has on the 
frequency of sound waves - and therefore 
their pitch = is so small that music would 
not sound any different. 


How high can 
a helium 
balloon float? 


balloon is pushed upwards by the 
difference in pressure between the 
gas inside and the atmosphere. In theory, 
it should rise to the point where the 
atmospheric pressure matches that of the 
helium - so up to the mesosphere (which 
starts around 48 kilometres up) but 
probably not beyond. The problem is that 
in practice, the same pressure differential 
that causes balloons to rise also causes 
them to expand, and then to burst. Using 
the lightest, stretchiest material they 
could find, a Japanese team reached a 
height of 53 kilometres in 2002, hitting 
the bottom of the mesosphere. 
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114 What were prehistoric monsters? 

120 What was the first colour film? 

120 What is medieval siege mining? 

121 How was the Washington Monument built? 
122 What did it take to become almight? 

123 What jobs were available in the Middle Ages? 
124 What was surgery like in the Victorian era? 
126 What is the significance of Faberge eggs? 

127 How was the Thames tunnel built? 

127 What are the world’s tallest statues? 


128 What was the biggest sloth? 
129 How were typewriters built? 
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Sail 
A flexible spine with 
ball-and-socket joints 
enabled the Spinasaurus 
toarch its back, perhaps 
Lo LIN press males or 
intimidate rivals. 


Colossus 
According to estimates, 
Spilnosaurus could ame 
lengths of overis metres 
-ifitdid have any 
predators, they would 
have thought twice about 
tackling sucha big beast. 









ne 
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carnivore 


SPINOSAURUS & 112-97 MYA 


prey, suchas iit at, WW ith ease. 




























Sharp teeth 
Neecile-lile teeth meant the 
dinosaur could secure slippery 


Flexible neck 


Alonzgand mobile neck 








tostrike quickly ta 
snatcn Upits prey. 


a ) 2wimmung 
The Spinosaurus was adapted to 
asemi-aquatic lite, having flat 
leet with broad claws to help 
pre opel itsell through water. 
S er | 
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Move over T rex: the spine lizard was 


the true king 


Nearly three storeys high and longer thana 
bus, the Spinosaurus was the largest 
carnivorous dinosaur to walk the Earth. The 
‘spine lizard’ roamed the coastal plains and 
swamps of North Africa in the mid- 
Cretaceous period, 

Unlike the Tyrannosaurus rex, 
Spinosaurus’ teeth were not serrated, so 


they were not used for tearing through flesh; 


its conical teeth, powerful jaws and long 
snout were better suited to snapping up 
large fish. It's thought that Spinosaurus was 
the first dinosaur to swim, and that it spent 
a lot of time in the water where it could 


snatch aquatic creatures with its razor- 
sharp claws, There is evidence to suggest 
Spinosaurus’ snout openings and skull 
cavities were part of a pressure-detection 
system, so it could sense the movements of 
fish even in murky waters. 


The giant carnivore'’s defining feature was 


the 1,5-metre-high ‘sail’ on its back, formed 
by tall vertebral spines. This may have been 
a display to attract mates or intimidate 
rivals, help regulate temperature, or 
possibly supporta camel-like hump of 
stored fat that Spinosaurus could build up 
when food was plentiful. 








allowed the Spinosaurus. | 
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Mega monitor lizard 
VARANUS PRISCUS & 1.8 MYA-40,000 YA 





Also known as Megalania, these giant goannas of 


eastern Australia were the largest land lizards of all time. 


They could grow to lengths of over five metres and 
weigh as much as 600 kilograms. Megalania had 
razor-sharp teeth and claws, perfect for tearing into its 
prey, These large lizards compensated tor their lack of 


speed by lying in wait to ambush victims, and sought out 


carrion using their excellent sense of smell. 





Super-sized serpent 

TH ANOBOA & 60-58 MYA 
Reaching lengths of up to 15 metres, Titanoboa was one 
of the largest land animals on Earth following the 


extinction of the dinosaurs. These colossal serpents 
lived in the jungles of South America, devouring turtles 





and crocodihes in single mouthfuls. Titanoboa could hunt 


on land and in water, slithering or swimming up to its 
prey undetected, then suddenly leaping up te clamp its 
powertul jaws over the victim's windpipe. 





Terror birds 
PHORUSRHACIDAE & 62-2 MYA 


These terrifying predators of prehistoric South America 
were members of the Phorusrhacidae family, known a5. 
“terror birds’, and some could reach heights of three 
metres. Their main weapon was a sharp, hooked beak 
that could strike victims from above like a pickaxe. The 
birds’ legs were also incredibly strong, and they may 
have used their feet to kill by repeatedly kicking, or 
thrown their prey violently to tenderise the meat. 
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ighty ocean predator 


Lurking in the depths of prehistoric seas were a 
whole host ol a ly aquatic giants 




















LIOPLEURODON P 160-155 MYA A | 
Liopleurodon was among the most powerful the Liopleurodon’s massive jaws, which were 
predators ever known on Earth, witha bite possibly packed with sharp teeth, Scientists even estimate 
even stronger than that of the mighty T rex. It that these colossal carnivores would have been 
belonged to a group of marine reptiles called strong enough to bite a car in half, ifthey had 
pliosaurs, which were large with short necks. existed at the same timel 

Liopleurodon’s diet primarily consisted of fish and Liopleurodon may have also hada pale underside 
squid, but it would occasionally seek out much to help keep it camouflaged from prey below, 

larger prey. Huge bite marks that were found in allowing itto make ambush attacks despite its 


plesiosaur fossils suggest that they were victims of enormous size, 


— i 
ee 


. —_—_ Fi 
iar "| Ny) wit jj —— ante i sense ofsmel] 
Liit EOC Water was funnelled throurh the 
ian reptile’s nostrilsso it could smeltits 
| preyeven in dark or murlcy water, 
a 


Intimidating size 
Lionleurocdon’s length is hard 
) to estimate accurately dueto 
incomplete fossil records, but 
some pliosaurs may have 
reached 15 to18 metres insize. 
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Vice-like bite 
Liopleurodon’s large, 
powertul jaw muscles 
helped it keep hald of prey 


[hat tried bo strupele free, 


| Terrifying teeth 


Liopleurodon’s needle-like 
teeth were each aboutten 


1 centimetres lone, ideal for 


piercing the flesh of prey. 


strong swimmer 
Long, paddie-like flippers 
) helped the pllosaur push 
) iisell through the water 
and accelerate inshort 
) bursts toambush prey. 





________ History e 





Giant sea scorpion 


PENTECOPTERUS & -t6/ MYA 





Over 200 million years before the first dinosaurs 
emerged, this nightmarish Pentecopterus was an 
important Palaeozoic predator, These arthropods 
grew to lengths of around 1.8 metres, and used 
their large limbs to grab prey. Young lived on the 
seabed while adults mainly resided in shallow 
waters to avoid larger predators, These super-sized 
scorpions also had hairs that helped them to sense 
the movement of their prey. 





King-sized croc 
UPN er Ne eh ee ee | 


Lurking in Cretaceous seas, Machimosaurus was a 
colossal crocodile at nearly ten metres long, almost 
twice the size of its biggest modern relatives, Its 
teeth were best suited for crushing shells and 
erunching bones rather than slicing through flesh, 
Machimosaurus’ main tactic was to hide in shallow 
water and, without warning, clamp its mouth shut 
ona turtle or fish, Once its prey was caught in the 
jaws, there would be no escape. 








Apex ocean reptile 


VMOSASAURUS & 30-66 MYA 





The massive Mosasaurus was a giant aquatic lizard 
and dominant predator in Cretaceous-era oceans. 
Some grew to 15 metres or more, and had long, 
powerful tails to propel themselves through water, 
They preyed on reptiles, fish, sharks and shellfish, 
snapping their tough shells with its powerful jaws. 
As an air-breather, Mosasaurus was unable to dive 
for prolonged periods, so it was limited to hunting 
near the ocean surface. 


Shielding 

Thick blubber may have 
offered Livyatan some 
protection from 
Mecalodon bites, 


size isn'teverything 
Livyatan wasstlignriy 
smaller than Megalodan, 
butit was still a formidable 
foe with gipanticjaws full of 
hue teech. 


Big bite 

Megalodon’s jaws could 

have easily crusheda 

whale's SKuEL, witha DIte 

force of over 162,200 

Newtons, tentimesthatota 
| great white shark. 








Megalodon vs li 





Powerful muscles 
Astrone, streamlined 
body helped Megalodon 
ambush (ts prey. 


Imilarities 
From fossils, Livyatan 
seems to be anatomically 
} similar to modern sperm 
) Whales, so may have used 
| echolocation to find prey. 


Cold-blooded killer 


Mepalodon could only 

survive in warn watersand 
} would have struggled witha 

dropintemperature, 





Who would emerge victorious between 
the two prehistoric goliaths? 


LIVYATAN 13-12 MYA 


MEGALODON  28-1.6 MYA 





A killer sperm whale with 
one of history’s biggest bites 
Hebrew for ‘leviathan’, Livyatan was 
roughly the same size as a modern 
sperm whale, butitwasa much more 
formidable hunter. The 50-ton beasts 
probably competed with Megalodon for 
food, preying on smaller whales, 
cetaceans like dolphins, and large fish. 
Livyatan teeth are possibly the largest 
of any animal at over 30 centimetres 
long, and its bite force could rival that of 
the Megalodon, 


Meet the colossal sharks that 
dwarted great whites 

These gigantic 75-ton sharks were so big 
that they could hunt whales with ease. Up 
to 20 metres long and equipped witha 
mouth full of teeth as large as a human 
hand, these mega-sharks made short work 
of dolphins, whales, seals, squid and other 
sharks. When faced witha turtle shell, 
they snapped it intwo, It is estimated that 
Megalodon had one of the strongest bite 
forces of any animal that’s ever lived, 
capable of crushing a small car. 
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Sky giants —. 
The huge aerial predatorsthat 4 
brought death from above a 


estimated speed of Bo 
Kilometres per hour 


Jumbo raptor 
HAAST’S EAGLE > 1.8 MYA-1400 CE 


With talons the size of tigers’ claws, these 
monstrous eagles preyed on helpless 
herbivores of New Zealand's South Island. 
Swooping at speeds of up to 60 kilometres 
per hour, they could knock victims off their 
feet with the sheer force of impact. Their 
favourite prey were giant flightless birds 
called moas, which could weigh up to 250 
kilograms. Compared to the size of its body, 
Haast’s eagles’ three-metre wingspan was 
relatively short. This meant that they would 
have killed moas on the ground rather than 
| | a carry them away. Their terrifying, razor- 
pete . sharp talons could quickly incapacitate 
eee eee , | victims by delivering crushing blows to 
moas, thelr preferred prey r , their head or neck. 


Deadly impact 

Gathering momentum ona 
SWOOD, 2 19-Kilogram @aele could 
lake down prey even bigger than 


itself, suichasa moa, 









These eagles would use one foot 
to secure prey while the other 
crushed the neck or head 


ow i 
Ts 


= 
=| 
=F 
aL 
atu 
La 


Plane-sized pterosaur 


| QUETZALCOATLUS NORTHROPI ® 70-65 MYA | 


Land and air 


Quelzalcoatius’ wide 
wings helped it to soar, 
while its compact feet 
helped itmove quickly 


eo . e 
acres the eround 


















Quetzalcoatlus was the largest-known species of pterosaur, the 
group of flying reptiles that lived alongside dinosaurs. Witha 
wingspan often metres or more, it was roughly the size ofa 
small jet plane. Its toothless beak suggests that it hunted small 


prey that didn't require chewing, such as baby dinosaurs, and BuaEp pe ae | 
: : ; PvE ICS DI TLDe 

possibly also scavenged for carrion. Quetzalcoatlus is also beak Quetzalooathus | 

thought to have roamed on land, because it had small, could easilysnapup 


™ ad ™ I wll - a) 
smriall cinesaurs, 


cushioned feet that were suited to moving over firm terrain. If 
this is true, it may have hunted like a modern-day stork, 
snatching small prey up inits beak. 





——— ——————— 


Wing tips 
Quetzalcoatlus’ wings 

__| stretched trom its 

i elongated fourth fingers { 
tothe top of its legs, 


_ 


Quetzalcoatlus had 4 crest on top 


of its head, possibly brightly 
coloured to attract mates 
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Biggest bird 


aC eth PN bee oem h ea 




















Gliding bird 
Argentavis' long 
wings enabled it bo 
Bide on wind currents 
and upelra its, 


Achieving flight 

To getairborne the bird 
would run down slopes 
and teap into the air, 





Dwarting even the Haast's eagle, Argentavis is 
one of the largest birds to have ever lived. Its 
seven-metre wingspan meant it was suited to 
eliding rather than flapping, and it used air 
currents to stay aloft. Argentavis’ massive size 
made it impossible to perform a running take- | 
off, so itrelied on height to get airborne, me ra 
taking advantage of slopes and headwinds _ : 
like a hang-glider pilot. The so-called 
‘monster bird’ could use its sharp talons and 
hooked beak to attack its prey, soaring over 
vast areas of land in search of victims. 
Argentavis may have also scavenged, its 
intimidating size driving other hunters 
away froma kill, in order to help itself 
to the carcass. 


scavenger 
Argentavis Imposing size 
meant itcould scare away 
other predators from 
their own kills. 
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Record- 
breaking 
wingspans 


Why were prehistoric 
animals so big? 


ane + aS lt had previously been accepted that prehistoric animal size wasa 
result of Cope’s Rule. Named after American palaeontologist Edward 
Drinker Cope, the theory suggested that dinosaur gigantism was 
2.3m down to the notion that animals naturally evolve to be bigger. When 


mass extinctions occur, new smaller animals replace the larger 





Meganeura extinct ones, and the process begins anew. As it has ‘only’ been 66 
| it million years since the Cretaceous mass extinction, and 12,000 years 
: since the last ice age, animals on Earth are now smaller because they 
$-————— . ' ; 
| on haven't yet had enough time to evolve to reach such large sizes 
om once again. 





Another theory suggested that environmental factors, such as 
higher oxygen levels and warmer temperatures, could have played a 
significant role in gigantism. Cold-blooded reptiles benefited from 





Gigantic fly 
MEGANEURA ® 300 MYA 
One of the biggest insects to 
everexist, the Meqganeura was 


a member of the griffinflies, 
which are closely related to 


dragonflies. This prehistoric 


ete lset pide ieee alesis 
percentage of oxygen in the 
GREE) BL ee ome om el cle lele me 
TAM hee eee eta 
grow to and maintain its huge amphibians and other insects, 
Rasen Met eee Pe ee mdr a which it grabbed with its legs 


spot prey such as small while in midair, 





the toasty climate as it allowed for efficient digestion, circulation and 
respiration, as well as an abundance of vegetation to consume. 

More recent research and fossil discoveries have cast doubt on both 
these theories, though. Some creatures seemed to evolve to be 
smaller rather than larger over time, and many different-sized 
animals existed at the time. One explanation for why dinosaurs in 
particular were typically large is because they where physiologically 
similar to birds. Their bones had air pockets in them, making even 
large species relatively light, so they wouldn't collapse under the 
weight of their own bodies. 

Not all of the biggest beasts were prehistoric, though. In fact, the 
heaviest animal ever to exist on planet Earth is still alive today: the 
blue whale. Marine animals can grow to epic proportions because 
the buoyancy from water helps to balance the force due to gravity. 
This supports their considerable masses, and allows for far larger 
body sizes than on land. 
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How a little-known Edwardian 
photographer became the first 
person to create a colour picture 


IT 


The three-colour 
projector 

How the Lee-Turner process 
he first moving colour pictures were created full-colour films 
created by a London-based <a 
photographer named Edward Turner 
in1902, Known as the Lee-Turner process 
(after Turner and his financial backer 
Frederick Lee}, itinvolved filming consecutive 
frames of black-and-white 38-millimetre film 
through three colour filters: blue, green and 
red. Alens combined each of the three filters’ 
imapes on the screen to create a single, 
full-colour projection. 

Despite his breakthrough, the timing and 
positioning of the filters had to be so precise 
that the results were often blurry. Turner died 
in19073, aged justa9, but his work was adapted 
by George Albert Smith, who used just two 
filters, red and green, for more reliable results. 
Smith called this two-colour system the 
Kinemacolor, 

Overa century later, Turner's ground- | 
breaking footage has been restored for the Combining the images 
first time using digital technology and is now on Threetn See BOS rae 
display at the National Media Museum in hough nia aa imases were often blurry 
Bradford, England. a 


What is medieval siege ——_ 


Ifa castle proved resistant to attack, every good commander 
knew he could literally undermine its defences 





Filter wheel 
Arotatine wheel 
ensured each frame 
was shown through 
theap propriate filter 





Timing issues 
synchronising 

the speed of the film with 
the rotation of the filter 
wheel was difficult, so 








Solid defence 


Deren ders would hurl boiling tar, water 
| a+ androcks, as wellasshoot arrows down 
‘| ontot theat tackine force, 













: : The ‘cat’ 
seeciiehensoati’ aHare Wooden props A strong wooden structure, known 
there were many ways As the tunnel grew longer and asa ‘cat’ would shield the miners oe ae 
to bring a fortress deeper, (he minerswould prop from attack while they began Detechon: 
crashing to its knees. uptheroofwithwoodenbeams dissing under the walls, ihe defenders used 


buckets of water to detect 
mining - the surface 
would ripple trom the 
vibrations ofany nes arty 


Z At digging underground 


ta prevent it collapsing. 










Battering rams, trebuchets, 
ladders, orsimply starving 
the garrison into submission 
were all perfect tools and 
tactics for winning a siege. Po aA og TEE Yast J ___ ¥ I — Underground 
Ifnone of these usual ee) Soa | | wi } 7 3 - battlefield 
methods worked, however, =a : | rf : 
theattacking force coulddig Coll ie ge the tunnel 
ngertienatitiemecees, |S com acai 
and destroy them from pee ance bitte cet Hines ti 
beneath. Witha huge holein would be seton fire ee a ee nme ‘ 
the castle’s defences, the 
attackers wereabletaswarm Countermining 
inand overwhelm the iithey could detectan enemy tunnel, the 


unfortunate defenders. defenders would beein digging their 
own to intercept and stop the attackers 














rb [anattacking anda 


combat would begin 
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MS oe defensive tunnel met, 
i x A — bloody nand-to hand 
7 ee ee 
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Monument built? 


Inside the US capital's iconic marble obelisk that commemorates 


the achievements of the nation’s first president 


tanding tall above the US capital city, the 





reminder of the legacy of founding father 


Washington Monument isa constant Inside the Washington 


George Washington. As the first president of the Monument 


United States, he is one ofthe most important Take a tour of one of the US capital's 
most iconic structures 


figures in the nation’s history. 

The 169-metre-high monument was 
designed by Robert Millsin the shape ofan 
Ancient Egyptian obelisk. Itstarted outasa 
private project that was financed by the 
Washington National Monument Society, with 
Mills contributing the chosen design. A crowd 
of around 20,000 Americans gathered to watch 
as the first comerstone was laid on 4 July 1848. 

However, the project soon ran into issues. In 
1854, the society was declared bankrupt, anda 
year later Mills died. Construction was halted 
throughout the US Civil War and wasonly 
restarted in 1876. The US Congress took control 
over construction and things ran much more 
smoothly. The monument was finally 
completed in 1884 and eventually opened to the 
public four years later, 























SO aren meee nad! 
stands south of 


the White House , 4 Dimensions 
and west of the | | Ten times as tall as itis 
ore mere elias | wide, the monuments 
| heightwas reduced to 
169m from the original 
planned size oridsm, 













Construction 

In the later phases ol 
construction, a 
steam-powered Lift 
carried stones up the 
tronscafiold that the 
Inasons worked from. 


Marble sources 
Stone from three 
different quarries was 
used throughout 
construction, leaving a 
visible divide inthe 
marble shaces. 


Commemorative 
stones 

Lining tne stairwell, 
there are 193 stones 


thatwere presented by 


cities and people 
around the world. 
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How It Works 


Aluminium tip 
Aithe top ofthe 

MOT LETPeE rE 1S an 
aluminium cap, 
originally intended to 
serve asa lightning rod. 


| Steam-powered lift 


| InibSs, a steam-powered 


lift was installed that 


W couldtake visitorstea the 


observation deckini2 
minutes, The first electric 
Litwasaddedinigm, and 
has been updated several 
times Since. 


lron staircase 
[Inside the tower isan 
Bo7-step, 50-Tight 
spiral staircase that 
takes about 20 minutes 
to.ascend. 










Foundations 
Concrete was added to 

| the monument's 
foundations part way 
fnrough construction, 
as the original material 
Used was too weak. 
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=== AMAZING ANSWERS TO CURIOUS QUESTIONS 


What did it take to 
ecome a knight? 
Knighthood in he Mcuicages 


wy} nights were mounted armoured warriors of the Medieval era. Their place in 
‘ _ society was below lords and above peasants and they would earn a living by 
“ protecting the realm from attack. In return, the nobility would grant land to 
the knights but the wealthy barons would only hire those who were skilled in combat. A 
boy's education could take over ten years as they progressed from page to squire to 
mounted warrior. The apprenticeship may have begun on a wooden horse ina manor 
house, but it many cases it finished ona stallion in the heat of battle. 





— | 
4h 


The road to knighthood 


From page to knight, training was an arduous yet rewarding journey 








Starting out 


| Although it was technically possible for 
© 's any boy to become a knight, those born 
into nobility had a distinct advantage. Training 
was expensive, and they would also need to be 
kitted out with weapons anda horse. Because of 
this, in most cases only the very rich could afford 
to become knights. 





'. First taste of battle 
. | There's no better training than 
Fa experiencing battle first-hand. A 
military force inthe Middle Ages needed every 
man it could muster and knights that Braced the 
battlefield often had squires. All the techniques 
and skills learnt in training led to this. 
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iy Ay young page 

— Thejourney to knighthood beganasa 
ee! page. Atthe age of seven, a boy was sent 
away to a noble household to serve a knight. 


Here, he would be taught chivalry -the qualities 


expected froma knight, including courage and 
honour =-and other physical skills such as 
archery and swordsmanship. 


| 


| The making of a knight 


>) Further battles would provide more 
© opportunities for squires to strengthen 
fheir fighting skills. Nowa relative veteran, they 
could gain experience in different situations 
such as mounted attacks, siege warfare and 
close-quarters combat. 


'.- Horsemanship 

> One ofthe most important skillsa 
«trainee knight needed to master was 
riding a horse. Pages practised on wooden 
horses until they became squires at the age of 
14. 4s well as riding, the squires would also 
help take care of the horses and clean the 
knight's armour, 





Arise, S Sir Knight! 

i r ‘)) lfasquire had proven himself to be 
“ee” skilled and brave on the battlefield, he 
would be fiven his knighthood at the age of 21. 
During the ‘dubbing’ ceremony, he would kneel 
before another knight, a king oralord, and be 
tapped on the shoulder with a sword. 


Pas 
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What jobs were there 





in the 


iddle Ages? 


From catching rats in sewers to juggling for the king, 
discover the strange careers that were available 


IT 


he job opportunities open to you in 
medieval times largely depended on 
your social class. Those with status 
were typically nobles, members of the clergy 
or employed by the royal court, while the 
peasants, or those without status, worked as 
craftsmen or labourers. In between were the 
merchants, who became wealthy by trading 


~ Herbalist ‘Gh. 
S, Using practical herbal 
\ remedies derived from 
plantsandother 
Natural sources, these 
so-called ‘wise 
women’ could treata 
wide range of . 
medical conditions. 
















for those who could 
not afford the services 
ofatrained physician, 
thelr knowledge ol folk 
* medicine was then 
i anc down through 
the generations. i 


Blacksmith - Oe 
_ Everyvillage had its 
own blacksmith, 
who would make 
everything from 
_ Weaponsand tools 
| todoorknobsand 
\| jewellery. Using © 
charcoal as fuel, 
they would heat 
fronuntilit. 
became 
malleable, then 
hammer it into 
various shapes ona 
heavy block known as 
ananvil. 
Pil 


Asthere were no. 
printing pressesin 

\ Sadnerali lies | 
scribes would copy 
\\ outtextinorderto— 

| create additional 
copies of books. This 
role was often 


= . Scribe 


because they had 
/ beentaughttoread 
and write, and was 
/’ hard work, illustrated 
bythe complaints they. 
would often write inthe 
Apanuscript margins. 


Providingalifeline 


affordedtomonks, 


the products made by skilled workers all 
over the world. 

Allroles were important, as they ensured 
everyone had the goods and services they 
needed to go about their lives, but the 
lower-class workers were often exploited. As 
aresult, the guild system was established. 


Guilds were organisations that promoted the 




















~ Squire 
“Promoted from the 


\ toaknight,and often 
\ accompanied him 

\ into battle. In return, 
- he would be taught 
the code of chivalry, 


bravery, 
horsemanship, 
swordsmanship, and 
/ other athleticskills, 
before being promoted 
nae laa attheage 


Falcon steer 
_ inmedieval Europe, 
\ Spreading diseases 

and eating ve 

Accompanied bya 

_ small dog or cat to 
‘sniffoutthe | 
vermin, and 
various traps and 
poisons to capture: 
orkillthem, rat 
catchers would 
/ Walkthestreetsand 

/ sewers, risking 
contracting the plague 

fo earn a living. 

Ps 


Barber 


haircut, medieval 
barbers would often. 
= \\ perform medical 

\ procedures too, 
Knownasbarber _ 
surgeons, they would: 
extract teeth, | 


the practice of — 
draining the blood to 
‘cure’ UInesses, With ne 
anaesthetic or training, 


often Very Messy. 





\ position of page boy at ig, 
\ asquire was the servant 


the rules ofheraldry, 











\. Offering much'more thana’ 


amputate limbs and 
carry out bloodletting, 


and only basic tools, it was 


In. the Medieval 
ea eee meee] (a 
be aprofessional | 
rat catcher 





economic welfare of their members, much 
like today’s trade unions. Most professions 
had a guild, from merchants and weavers to 
blacksmiths and candlemakers. Members 
would set prices and standards for their 
trade: thusly, anyone seeking employment 
could pay to join and be trained in the 
Court jester 


represented craft. 
Employed bythe roya ’ 


court to entertain the 
: king, a jester would 
\ _ juggle, telljokes, — 
| perform tricks, and 
generally clown 
— around toimprove 
_ hismaster’s mood. 
Inreturn, hewas 
paid welland given 
a place to live, and 
/  enjoyedcertain 
privileges, including 
being able to make 
fun of nobles and pet 


Away it. 

Herald - 
With so many knights 

scalleredacross 
Europe, each with 
their own coat of 
arms, itwas the — 
job ofa herald to 
keep track of 
them all. This 
alsohelpedthem — 
in thelr other 
-mainduty: 
conductingand 
announcing the 

participants of 

* — jousting 
tournaments, 

















Spinster 
% Inorder for wool tobe 
/ 3\ woven, itfirsthad tobe 
| turned intoyarn. 7 
| ly this role 
was held by women, 
but male ‘spinners’ 
did also exist. They 
would first twist the 


thumb and 
forefinger, then 

/ attachthem toa 
drop-spindle, the 

* weightofwhich would 
4 stretch the fibres into 

2 _Avarnas they spun. 
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fibres between thelr 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


[hat was sur; 
in the Victorian era? 


Being a surgeon or patient in the late 1800s was 
not for the faint-hearted 


Perry he Victorian era has been romanticised for its 
advancements in science and medicine, but 
with that came no anaesthetic, poor sanitation 
and surgeons who didn't even need a qualification to 
operate, The risk of infection or bleeding to death was 
so high that surgery was limited to amputations. If you 
broke a limb, it would have to come off. The surgeon 
would often perform the procedure ina packed 
operating theatre, full of students and peers. Rusty 
saws and knives were the norm, as was the blood- 
encrusted apron that made the surgeon look more like 
a butcher than a man of medicine. He would slice 
through flesh and bone in 30 seconds flat. The faster 
the better, to prevent the patient from fleeing mid-way 
through, or worse, dying from shock. 

Anaesthesia and painkillers weren't in use until the 
latter half ofthe 19th century, and even then they were 
very rudimentary. Alcohol was always an option, to get 
the patient drunk enough to numb the pain. 
Chloroform and ether were also used as early 
anaesthetics, but both were dangerously potent, and 
ether was also highly flammable - rather hazardous 
for use in theatres that were lit by naked flames. 

One of the major advances in surgery was in 1867, 
when Joseph Lister pioneered aseptic techniques and 
began to sterilise wounds, operating theatres and 
instruments using carbolic acid. He even 
experimented with hand washing, which had 
previously only been performed afferan operation. ji - 
This lowered infection, and Lister eventually became Inside the 


known as the ‘father of antiseptic surgery’. tea om bd en 
A step-by-step guide 
to amputation 




















ery like | 


} Operations would he 
| watched by students and 
hm) peers. The sureeon would 
meee) often playto his crowd. 


+) Building 
Operations once took 

| place on wards, but the 
screams of the patients 
were so distressing . 
thatspecialisttheatres 








| Table 
) Patients would lie ona wooden 
table, restrained by two men 
Called dressers. Grooves in the 

) surface helped to trap the blood 





Prep the patient », Tighten thetourniquet "Make the first incision 
Patients were laidonan #4 To stem the flow of blood, / Surgeons would use large 
operating table, and warned to tourniquets were placed above knives, often with curved 
keep very still, oftenwithoutany theincision. These weremadeof blades. The first incision would 
anaesthetic or painkillers. The canvas straps that weretightened slice through the flesh and 
slightest movementcouldbotch usingascrewattached to brass muscles that were around the 
the operationand resultindeath. plates on either side. bone inacircular motion, 
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Make the second incision 

This process was then repeated 
on the other side of the limb. It was 
called the ‘tour de maitre’, or ‘turn of 
the master’, and it had to be 
performed very quickly for the 
patient's sake, 


or EL. aol. 
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. Spray = which he saw used totreat | 
-. ST -1 le meme Ae a(t maya] ec nee oe 


Apron | Be rac 
SuTpeons would i: | Lights 
my 


operate in frock coats, —- Many operations and 
aprons with price, | 4 





performed by the dim, 
¥ flickering light of 
ub candles and pas lamps. 


and wore their bloody am putanons Were 









Blissfullyunaware of bacteria, 
surgeons wouldn't bother 
washing their hands before 
operating. Afterall, they would 
only be petting dirty again. 


Asureeon's tool kit included 
formidable-looking 

|} instruments, designed to make 
amputations quicker. 
















Detached limbs were tossed 
into a box ofsawdust, which 
soaked upthe blood and gore. 


















| : ) y z ur ; i-z | | fe 

i. Saw the bone f Stitch it up Py Bandage it up © Apply final touches 
D Using the amputation saw, ‘\ Once the limb was free, the / Thestumpwouldbedressed 2 Oncethe procedure was 
the surgeon would cutcompletely surgeonwouldstitchupthemain inbandages.Thishadtobedone finished, the patientwould be 


through the bone. The detached arteryandsmallerbloodvessels. carefully,becausebandagesthat taken away forrecovery. Some 25 


limb wouldthenbedroppedinto Whenthe blood eventually were either toolooseortootight percent ofamputees would not 
a bucket of sawdust in order to stopped flowing, he would begin could cause issues withthe survive, as poor sanitation often 
absorb the blood. to stitch up the wound. healing process. led to deadly infections. 
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=== AMAZING ANSWERS TO CURIOUS QUESTIONS 





What is the signi 





of Faberge eggs? 


The fabulous history behind an incredibly lavish tradition 


» ) WME ech ee mC laemeclatay 
Russian art, Fabergé eges delighted 
» the ruling Romanovs for over three 
decades. Created by jeweller Peter Carl 
Faberge, they were given as gilts between 
iS eRe MN Cee Pec ee OTR) es 
aPe Mec Tit ae Pea cone) e ee age kre 
tradition that symbolised royal excesses in 
the years leading up to the Russian 
Revolution. Some 50 of these Imperial Easter 
eges were created, and each one could take 
Wither Rc mie Mec Coe Naty A eeRAOLem san) toME 
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of not one, but a whole team of talented 
craftsmen. One of the most expensive was 
the diamond snowflake-encrusted 1913 
Winter Egg: at a value of 24,600 roubles in 
1913 it would cost an eye-watering £2.36 
ISAO CO)OMAP LOE: he 


The eggs were designed around a different 


theme each year, but they all had an 
immaculately designed exterior with an 
intricate surprise lying inside. These ranged 
from mechanical swans to ivory elephants, 
and some were even powered by clockwork. 
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eB EleVO(H SU MOT INC im cles D Eee es lee ees 
were seen asasymbol of Romanov 
wastefulness. After the Bolshevik takeover, 
many of the eggs were confiscated and the 
Fabergé family fled Russia. Just 43 Imperial 
Easter eggs survive today and are owned by 
collectors, museums and monarchs. The 
IMO IO MOL eet OL OUR Oi ica am hme 
PaTMLeLeU Terme stem Ce cte | (em oe eeM IDG PB EROL mt) estate 
with a mesh of tiny gems, diamonds and 
pearls, and contains a miniature portrait of 
Tsar Nicholas II’s children. 
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Fedorovna. He decided on a jewel-encrusted egg — and began a royal fannily tradition in 
dae eigen tly eee ag eee |S Pale dec es Pes] sc ee ela t ene em dee ga Baby 
outside, bul opened to reveal a golden chicken, which contained a tiny ruby egg pendant 
and a miniature diamond crown. The Empress was thrilled with ber gift and Peter Carl 
Faberge was given complete control of all future eggs’ desians, with the only 
prerequisite being that a surprise was hidden within the shell. They continued to be 
popular gifts under both Alexander and his son Nicholas Il, 
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History 
























Support 

put A key innovation ofthe shield was 
2 supporting the unlined ground to 
reduce emer 


Finished in 1843, Marc Brunel’ssub-aqueoustunnel 2277s QD ccs bbour 

was the first of its kind EB Rotherhithe on che 

—  ————— | | a eg era south bankofthe 
= rr ee a Se = = a i fae i eS Thames, the workers 


Giliames oy had todigthrough 
ee was provided by oi! a? sand, pravel, 

lamps. Thiswasdangerous | * quicksand and clay. 
asitcould ignitethe methane § a! Flooding wasa 
eas present inthe : t constant threat. 


underground chamber, 








Pg 





















See 


rae ae Ps 


- Slowand Sead 


Three rows of12 





a miners dug away al 
, the rock, excavating 


gi ten centimetres ata 


= ‘i time: Oneealls6men 
= a were ready the 

roi —| tunnelling shield was 

* jac xed forward, 


























Pid } Recycl ing 
; Excavated clay was 
» Lransported above 
eee round, baked into 
e bricks and usedto 
line the tunnel. 









: Bp Tunneling shield 
m Noone hacevertunnelled undera 
rivet belore. pranel invent eda 


Air quality 
Sewace water often 
leaked into the 
unventilated tunnel, 
making Brunel and 
his workers Ul 


= -Sturdystructure 
, AS the miners moved farwards,bricklayers 
= builtupthe tunnel behind them. They useda 
ee new type ofstrong, quick-setting cement that 
made the! runnel watertight. 
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Buddha, China 


world’s tallest statues? . € 


Rounding up some of the most gigantic figures ever built Setkyar 
155m Ushiku Burris” 


Daibutsu, 130m 
Guanyin of the /@Pan 
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Emperors Yan South Sea of ea a 
Peter the and Huang, China Sanya, China 
Great, Russia ‘0°™ 108m 
Statue of 98m 


Liberty, US 
The Motherland 77 
Calls, Russia , 
som | 






Christ the % a 
Redeemer, Sym 

Brazil i 
36m 







Statue and location 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 





hat was the biggest sloth? 


One of the biggest land mammals that ever existed, the giant 
sround sloth roamed the Earth for millions of years 


owering over the Cenozoic flora of South only feasted onleafy greens butalsothefleshof | the Megatherium and other South American 





America, asloth the size ofan elephant other animals. However, after analysing the megafauna could migrate north, 
stomps across the wilderness. collagen i in their fossil remains, it was revealed It's estimated that giant: slaths evolved during 
Megatherium - -or the giant ground sloth -was that these mighty mammals were in fact the Eocene and existed for nearly 35 million 
one of rman eis fauna epee to roam herbivores and most likely used their long years before facing extinction at the end of the 
: : cou WA 3 curved claws tograsp onto vegetation, — last ice age around 11,700 years ago. Many large’ 








- Itwasn’t until the Isthmus of Nenaeid - ‘Mammal species started ta go extinctat around 
- narrowstrip of land formed by phir , cr stim ssocheltng woeily y mamme ot 
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Giant ground shoths «fy 
pen red areas ol 


prasslandand woodland 
bo jeaut on vegetation. 











Speed 
One ofthe only resemblances . =e DL as ee ; : d 
to modern-day sloths is thei wy a" +) Ps T | Walking 
relatively slow speed due to .” =) ‘ | eee) Some eri oun d sloth species 
theirsturdy build. i, 


Were bipedal, meaning 
they dagiiat twntke BEN 
legs, though many chose 
to remain on all fours, 
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Eating habits 
The teeth of the giant 
sloth were suited to 
cutting through fibrous 
plant material, and their 
lang tongues could strip 
leaves offbranches: 





















Massive mammal 

fa) Megatherium: Swelpned between 
and 3tn, butthe largest species could 
Weifhup ta, qtn When standing they 


cous ld rea chheights of over3m. 












Megatherium used their long 
claws— up to Fecm long —to 
gather vegetation, and there 
issame evidence t fo supeest 


the y duet EPO W Ss. 



















2 Paw D asture 
ateatin 
fant actually walked 

onthe sides of theb 
feetor their knuckles 
similarito porilias. 
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<< AMAZING ANSWERS TO CURIOUS QUES TIONS 





Discover life forms that lived millions or billions of years 
ago before being turned to stone 


“> xtinction is a fact of life that, sooner or 

™ = later, spells the end for all species. But 
«el dead doesn't mean forgotten. The 
evidence might have remained hidden for 
millions or even billions of years but, in the fifth 
century BCE, Greek philosopher Xenophanes 
discovered the fossils of sea creatures and 
recognised what they were. 

We'll look at exactly how it happens later, but 
putsimply, a fossil wasa living organism, which, 
following its death, turned to stone. And these 


The formation of fossils 


How a living organism can be turned into stone 


and preserved for millions of years 


Death 


Specific conditions are 
required tor fossil 
formation to occur, once 
dead, mostorganisms 
derompose completely. 
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records can teach us so much. Having found 
marine fossils on land, for example, Xenophanes 
was able to say with confidence that the sea once 
covered what was then dry land. Over the years, 
fossils have taught us a great deal about Earth's 
history, and the discoveries continue today. 

For example, recent discoveries of fossils 
dating back ta the dawn of our planet, when the 
Earth was an apparently inhospitable place, 
have fuelled speculation that life could have 
started on Mars atabout the same time. 





No scavengers 

For the remains to be 
fossilised they must not be 
destroyed by scavengers, 


ow do fossils form? 


Mention fossils and many people think 
instantly of dinosaurs. These huge lizards might 
have left some of the largest, most impressive 
fossils, but they are not nearly the oldest, nor do 
they have a monopoly on providing a spectacle. 
The world of fossils isa varied one encompassing 
wonders as extraordinary as trilobites: large 
woodlouse-like creatures that crawled on the 
bed of tropical seas; brightly coloured petrified 
wood from long lost forests in Arizona; and 
coprolite —fossilised droppings. 


Burial 

Protection of the remains 
lsassisted by rapid burial, 
perhaps by sediment 
carried bya flash flood. 


Decay 

Soft tissue nearly always 
decays, leaving only harder 
material suchas bones to 
fossilise, although creatures 
With exoskeletons can 
fossilise completely. 
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Deeper burial 
Over time, gealovical events Exposure 


— ut hice ra aed ae = : Although formed deep inthe 
. decina aiaiere mS a urlec Earth, fossils can be exposed 
PEE Breer Cee due to peological processes 


such as erosion oruptift. 
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Lithification 


Compaction solidifies the 






' Permineralisation Discovery 







sedimentary thaterialina Mineral-laden waterseeps through Once exposed, fossils can be 
process called lithification. the rock, filling poresin biological discovered by palaeontologists, 
The biological remnantsare material with minerals and, inso who painstakingly extractthem 
now encased tn solid rack. doing, turning them into rock, | fromthe surrounding rock, 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 





_How were 
ee hics 


finally decoded? 

i@roglyphics proved difficult to work out, despite 

hundreds of years worth of attempts. The Rosetta 
Stone, discovered in the city of Rashid (Rosetta), Egypt, 
in 1799, provided final clues. The stone's text was in two 
languages but three scripts: Greek, hieroglyphic and 
demotic (a cursive hieroglyphic-based script that came 
after hieroglyphics). Scholar Jean-Francois Champollion 
spent years studying others’ works and ancient Egyptian 
writings, as wellas the Rosetta Stone. He could read 
Greek and Coptic, the final form of Ancient Egyptian 
script that used the Greek alphabet and seven demotic 
letters. Champollion decoded hieroglyphics by figuring 
out how the demotic signs were used in Coptic, then 
tracing them to their meaning in hieroglyphics. He 
published his findings in 1827, but it took further study 
for scholars to confidently read hieroglyphics. 
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British ramets have 
two birthdayse 


n true British style, the reason for a British 

monarch having two birthdays is due to 
the weather. To mark the occasion, official 
celebrations are held on a Saturday in late 
May or June, as the weather ts likely to be 
sunny. This is because birthday celebrations 
involve lots of outdoor activities, such as the 
Trooping the Colour military parade. 


The tradition dates back to the 18th 
century when the annual summer military 
cavalcade became a celebration of King 
George Il, as well as the armed forces = but 
his birthday was at the end of the year in 
chilly November. Since then, the official 
birthday of a monarch has been held during 
the summer. 
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What is the 
Holy Grail? 


The Holy Grail is a Christian legend 
expressed in Western European 

literature and art. The Grail itself ts 
considered the most sacred Christian 
relic, most commonly said to be the cup 
from which Jesus drank at the last 
supper, and in which Joseph of 
Arimathea collected Jesus's blood at the 
crucifixion. Joseph of Arimathea is said 
to have then taken the cup to England, 
where it was hidden for hundreds of 
years. [he knights of King Arthur made 
it their principal quest to find the cup 
because, according to the legend, it had 
special powers. 
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When did the 
white flag become 
associated with 
surrender? 


‘urrendering with the white flag is at least as 
«J old as China's Han Dynasty, dating back to 25 
to roughly 225 CE. However, it probably began 
even earlier. Roman historian Cornelius Tacitus 
also wrote about them in 109 CE, referencing 
white-flag use ina battle that took place about 40 
years earlier. 

White fabric was probably used because it was 
the easiest colour of material to obtain, and it also 
stood out against the landscape and the other 
more colourful flags on the battlefield, 

Today using a white flag as a symbol of 
ceasetire, surrender or negotiation is part of the 
Geneva Convention, 
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9 Where does the 
saying ‘throw 

a down the gauntlet 

| come from? 


oa Medieval knight a gauntlet was a sort 

_ of armoured glove worn to protect the 
hands from injury as part of their suit of 
armour, Violence was often used to settle 
disagreements in the Middle Ages, and one 
knight could challenge another to fight a duel 
by taking off his gauntlet and throwing it to the 
floor in front of his rival. ‘Throwing down the 
gauntlet’ was both an insult and a challenge. A 
knight would risk dishonour and humiliation if 
he refused to accept such a challenge, or ‘take 
up the gauntlet’, another saying which is still 
with us today. 


the gauntlet 
was both an 
insult and 


“silt 
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De walls were built as a barrier 
and a lookout point. They were useful 
for thousands of years, but as weaponry 
improved, and as people took to the alr, it 
became easier to breach these defences. 
Populations also expanded, and it became 
lass practical to keep everyone enclosed 
inside a physical barrier. 


© Thinkstock 


Why did civi vilisations stop 
busiictine city walls? 


However, although most settlements are 
not hidden behind walls today, people have 
not stopped building them. Patrolled border 
fences control the flow of people between 
countries, walls are used to mark out gated 
communities, and in regions of conflict they 
are erected as barriers to separate the two 
opposing sides, 
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Why are 


American soldiers 


called GIs? 


the reason behind this name is not 
totally clear, but the most widely 
believed theory dates back to the beginning 
of the 20th century, when the letters ‘Gl’ 
were stamped on military trash cans and 
buckets to show they were made of 
galvanised iron. The theory goes that it was 
then used to refer to all things related to the 
army in World War |, but the meaning of the 
letters changed to ‘government issue’ or 
‘general issue’. By the time World War II 
occurred, soldiers were referring to 
themselves as Gls. US toy company Hasbro 
created the popular Gl Joe doll in 1964, and 
the nickname has stuck ever since. 
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Why aren’ pterodactyls cl 


How did the 

bald eagle 
become America’s 
national bird? 


oon after the Declaration of Independence was 

F signed on 4 July 1776, Benjamin Franklin, Thomas 
Jefferson and John Adams were tasked with designing 
an official seal for the new nation, Years later, after 
disapproval of the designs by the Continental 
Congress, Secretary of Congress Charles Thomson 
combined the best elements of the designs he'd seen. 

The eagle had initially been introduced by lawyer 
William Barton. Thomson decided to make it a 
prominent feature and turned it into an American bald 
eagle, a symbol of strength and native to the US. The 
design was adopted by Congress on 20 June 1/82 and 
the bald eagle soon became America’s national bird 
and a symbol recognised worldwide.. 


assed as dinosaurs? 


t seems that we have oversimplified the among dinosaurs from the Triassic to the characteristics which ultimately separated 

naming conventions for prehistoric Cretaceous period but weren't actually them. Modern birds are likely to be 
creatures. ‘Pterodacyt!' is the informal name classified as dinosaurs. descended from small, feathered, land-based 
for winged reptiles, properly known as The two groups have a shared common dinosaurs, not pterosaurs - or pterodactyls, 
oterosaurs. These flying creatures lived ancestor, but diverged to evolve unique for that matter. 
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138 How do solar-powered planes work? 

7 142 Will rockets replace planes? 
146 How does a car wash work? 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


Discover the technology and teamwork behind the first 
zero-tuel round-the-world flight 
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“er njuly 2010, the experimental aircraft Solar 
_ Impulse took to the skies, While it 
« » was notthe first solar-powered 
plane, the team behind the Solar Impulse 
project had achieved a historic feat-they had 
harnessed the power of the Sun to performa 
26-hour flight, including nine hours overnight. 
This prototype set eight world records, butit 
was soon eclipsed by its successor. 

The Solar Impulse 2 (Si2} was completed in 
2014, built to perform the first zero-fuel 
circumnavigation. Si2 exceeded all 
expectations and flew around the worldina 
17-leg journey that took 558 hours and seven 
minutes in total. The team covered over 43,000 
kilometres at an average speed of 75 
kilometres per hour, all with no fuel. 

Aviation is responsible for more than two 
per cent of the world’s carbon emissions, so the 
pressure is on to reduce the amount of fossil 
fuels being used. Engineers and scientists are 
currently exploring a range of options, but zheemenety az 
with concerns surrounding hydrogen fuel jones e sii rem uesieh ; Ms 
safety and with biofuels yet to break into the Dee nae ee 
aviation sector, some manufacturers have set —— 
their sights on solar power. 

Justlike with domestic solar roof panels, Si2 . To 7 tr nfini 7a 1" 
uses devices called photovoltaic cells, or solar (which turn the propellers)and also charges nd 1 Liitis | 1a’ 
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cells, to generate electricity from sunlight. the onboard batteries for flying at night. TT cj | | ay a\V/ ay at . | 

These cells are very thin and made with Solar Impulse sought to push the = L Le ee i , 
silicon, which 1s a semiconductor -a material boundaries, not just to set a world record but to ai eerie EME meee eis aad 
that can conduct electricity while acting like prove that this technology could be a viable ies Sei il au ta rad ea 
aninsulator. When photons of sunlight hita option for the future of flight. CEO, co-founder abou signe ne ae f nainiin y could 
cell, it forces electrons to move from one side of and pilot André Borschberg saidina Setitmeraiiatted sits tat io 
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the silicon wafer to the other. This flaw of statement, “Flying around the world isa real ai ke ih co 
electrons creates a current, generating challenge, More than a demonstration, it’s the et eee | ee) oe ee ee su atre1 a 
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Adventurer Piccard set a record when he completed 
the first ever non-stop balloon flight around the 

Te BOM POM OM OI aecr elie Ni meas) em oe ODpLE | 
Borschberg had already faced his own run-ins with 


OF Pal ee PMT el eRe d ee] a ele e ee: 1) 

SMrc HEI M ileec Mele tiem MEL tm enn Nita hwMlsr LAU WB )Re) (16 

would face technical issues and poor flying 

TS TaLeUL(AlerpuelUiMed MMe lenelta oe el bes ba eM sh 4 Ole) ell bth 

WRG e =a eNO] eesPeLeRMal=Pulelts ta Pani eel esi=aa=rs Pate -teR iit e-le meats 
journey Was a success. 

While it has the wingspan of a Boeing 747 jet, it 
only weighs as muchas a family car, so strong winds 
MUG Ra tM Fc) CoROURe MEDS Let MUU) Mlageari tame) el Bian) 
aby e-t-om Pie) ee (=a (8) es BUNT SEM COR MeveTHT a ei omes 
combination of battery power and solar energy first 
FERRO Rojec CGO APNG ARON SMO )a)OLs1 Use eM BLE Ra Let mies 
Oem Aa PMN ema etme Teen RU cdtet sma ec bamssOn Hae BU hh 
Ee sis sie Genes ee the 

It rises slowly, past the turbulent jet stream at 
35,000 feet (10,668 metres) up into the clouds. The 
pilot must skilfully dodge any dense clouds that will 
WU Jm peice a) (em aaa tes Teale el grstel eet ete taalmaae lun 
cars ORL eUtM eet =e-lOe male) aeRO eee Rag t ge) tab eames 
propeller on one side of the wings speeds up. The 
solar panels charge the plane's batteries during the 
day, with the plane climbing to 28,000 feet (8,534 
metres) and gliding to 5,000 feet (1,524 metres} to 
MUA a il eA OTE eee eee esta Cente peel 
SLO COR Gel <a ele8) ELITE ev elPL Geli ec Ht em Ol atm eo 0 eent TAL 
ar MCae el SUR CeR Lees meters e 

The two pilots alternated between each leg ofthe 
flight. They started in Abu Dhabi before travelling 
eastward across Asia, crossing the Pacific, the US, 
HOCSMAUMHONIO Orc DUOM LPOGA/@ mall (Nom IAT HL CANA TDETSMA® 
Abu Dhabi. The longest journey was the Pacific 
MG ISTE Me) IOS) nee Ti PW mph ieesTeea ea atone leliers 

50 is this the future of green technology? Westill 
EMA A ach ieee ee E eM P EAE ECL a Lame 
MCL EeTSAR GoM Ade MUU LS ONTO MME om Coe Aa Coa MO (eels etch uae ETS 
be using solar-powered planes commercially. Solar 
Impulse exceeded all expectations, proving just how 
much we can achieve already. 

avitsd @CsEALeUUHE=es1@M tT oMUNOTsTRciee]OROUSMA NLR LUT MB leaye 
Pia QOCtieM seb TORSO (ORG eO GNM Tela aaa eel Tee 
“This is not only a first in the history of aviation; it’s 
before alla first in the history of energy. I'm sure that 
IS SUOR CaM = DER Ue stor lisre ee lerc) Peele: bala 
transporting 50 passengers on short- tomedium- 
haul flights. Solar Impulse is only the beginning. 
el yme teen a Debae aloe 


















Solar Impulse 2 


The pioneering technology that made’ 
this record-breaking journey possible 


Clever composites 
The plane's airirame was constructed using 
carbon fibre = which isthree-times lighter 
than paper=-and a honeycomb-like foam. 
These ultralight materials ensure the plane 
weichsas littl as possible, 





Batteries 
633ke of lithium polymer batteries 
store the energy harvested fram the 
solar cells to enable the plane to 
continue fying throughout the night. 
These account for overa quarter of 
the aircraft's weight, 












if 


WAN 


CoRR CR RR EE 


VY 
A 
79, 
1% 


‘one 


pat 


ee Oe. 


Peo? 
7. e( i 






July 2015 
The longest leg of the journey 
between Japan and Hawa ll 
causes thermal damage tothe 
batteries, meaning the Sia has to 
June 2015, undergo repairs until the 
The craft makes following year, 
food time, a 
traversing Asia 
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solar cells 
The 17,244 solar cells mounted on the wings 
can collect up to34o0 kilowatt-hours of solar 
enerry each day. Thisis roughly equivalent 
tothe amount of enerpy stored in the fuel 

tank ofasmall car. 


supersized solar power 
The Siz might be super 

= lightweight, butlis winespan 
rivals that ofa conventional 
commercial airliner. 


Motors , 

The plane's four electric motors 

power the propellers. Each one 

provides around 17.5 horsepower, Si? - 72 f 
2-72m 

which isabout the same.as the 


engine of a small motorbike, — | = ge 


Autopilot precautions 
Anautopilotsystem takes 

over While the pilot takes 
short breals. lFany 
abnormalitiesinthe 
instruments’ readings are 
detected the pilot is alerted 
witha vibration (which ts 

sent via armbands on their 
fight suit) andanalarm. 

July 2016 ae 
On the home straight, Sia crossed he 
the Atlanticand the - 
Mediterranean before returning 

to Abu Dhabi, completing its 

| record-breaking journey. 
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Boeing 747-8 - 68.5m 



















a ATLANTIC CROSSING 
“e — 
HAWAIL ." 
US ~\ 
April 2016 Safety gear 


After maintenance was completed, 
the flight resumed and the team 
travelled to California to begin the 
continental US crossing, 


Incase ol emergency, asurvival 
kit, parachute and life raftare 
stored in the back of the seat. 
Luckily they weren't needed 
during the journey. 


















More than just the pilots, 
Bertrand Piccard (left) and Andre 
Borschberg (right) are the 
chairman and CEO respectively of 
Solar impulse, and advocates of 
clean energy solutions 


Compromise 


” The Siz team needed to use cellsthat were 


the ideal combination of lightweight, 
flexible and efficient. These solar cells can 
convert suniieht bo electricityatan 
efficiency 0123 per cent. 


Oxygen tanks 

To save welpht the cockpil 

isn't pressurised, so the 
— pilot must wearan oxygen 
mask when flying at 
altitudes above 3,600rmL. 


Amultipurpose 
seat allows the pilot 
to exercise, take 
napsand eo tothe 
toilet during long 
oceanic crossings. 


 illugtration by Adrian Mann; Solar impulse 
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ny where inthe world, in less thanan 

hour.” Elon Musk and his company 

spaces may have already 
revolutionised the way we utilise rocketry, but 
now they seek to use their technology to take 
us to Mars, the Moon, and even from city to 
city. And, quite amazingly, the price of 
enjoying this last application could cost the 
same as an economy airline ticket. 

Known as the "Big Falcon Rocket’, or more 
simply as the BFR, SpaceX’s upcoming 
spacecraft is set to satisfy all of ourspace- 
faring needs in one neat package. It will build 
upon the staggering success of their previous 
two rocket designs: the Falcon 9, which atthe 
time of writing has successfully completed 
nine launches in 2016, and the Falcon Heavy, 
which first took to the skies in February of this 
year. These rockets have demonstrated for the 
first time in our history that not only can you 
land the first stage ofa rocket booster on the 
ground safely, but you can reuse it. Itis from 
this milestone that the BFR’s goal to not only 
take people off-world, but also shuttle them 
around it, becomes both viable and immensely 
promising for the future. 

Standing ata mammoth 106 metres in total, 
the BFR will be composed of two major stages: 
a 58-metre-tall booster used to liftthe vehicle 
into orbit, andaship mounted atop the 
booster. This front portion will be equipped 
with 1,100 tons of additional fuel and boasta 
large, pressurised cabin for its city-to-city 
launches. This will give the BFR everything it 
will need to send its customers into sub-orbit 
and speeding around the globe. Here, 
passengers will be treated to not only arriving 
at their destination ludicrously quickly, but 
also to the majestic views of our planet that so 
far only a few lucky individuals have seen. 
Surely those sights alone will justify the cost of 


the ticket, with the fast arrival time becoming 
a rather big cherry on top. 

lt should be noted that SpaceX is notalone in 
its lofty ambitions. Not so far away another 
private company, Virgin Galactic, are creeping 
ever closer to their own sub-orbital flights. 
They plan for these to initially be sold for 
recreation and research, but also harbour 


long-term goals of trans-continental transport. 


Unlike the BFR, their two-component system 
involves a jet-powered carrier aircraftandan 
attached rocket-powered ship, which releases 
from the carrier craft and launches towards 
space once at altitude. Across the Atlantic, UK 
company Reaction Engines also dream ofa 
vehicle that can soar from the runway to space 
as one whole unit. Their pioneering air- 
breathing SABRE engine aims to bean 
alternative to pure rocket power or jet engine/ 
rocket hybrids like that of Virgin Galactic. 
Although this technology isn't currently as 
tangible as Spacex’s, it would almost certainly 
have incredible transport applications ifit 
were to come to fruition. 

In 1873, Jules Verne published a story abouta 
man’s attempt to race around the worldin 60 
days. Itisa tale of great adventure, but one that 
pales in comparison to the journey that we 
have taken asaspecies in the years since its 
publication. We have ascended from the 
pround tothe alr, and from the airto the realm 
beyond. In fact, such is the staggering progress 
of our technological prowess over these years 
that by 2023, getting around the world in 8o 
minutes may not be quite quick enough. 
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Rocket travel would revolutionise global travel 
by dramatically cutting down journey times 
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City-to-city 

on the BFR 

Hop aboard the Big Falcon 
Rocket and travel to anywhere 
in the world in under 60 minutes 
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Sub-orbital transit 
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Journey times comparison 










Lat 


LA to New ‘York 3,983km S hours, 29 Min 29 min 









Bangkok to Dubai 4, S09KM 6 hours, 25 min Zé min 


ai Cae 









Tokyo to Singapore 5, 20U0KM f hours, LO min 26 min 


London to New York 5,555km f hours, 55 min 29 min 
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New York to Paris 5. 849km f hours, 40 min 30) min 





Sydney to Singapore 6, 
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Skim hours. 20 min 31 min 
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LA to London IO hours, 30 min 32 min 









London to Hong Kong 9,548km lihours,5O min 34min 


Sydney to Johannesburg 11.Ofakm IS hours, 35min 3/ min 





Doha to Auckland 14,548km lf hours,43 min 45min 
oyaney to Zurich 16,9 / 6K “QO hours, O68 min SO min 


Rio de Janeiroto Hong Kong 1/7, 709km flhours, 28min 53min 
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== - AMAZING ANSWERS TO CURIOUS QUESTIONS 


How does a car wash work? 


See how automated tunnel washes clean cars 


7) he automated tunnel car wash is the largest 
| robot most of us will interact with in daily 

~ » life. Withatough aluminium, rust-resistant 
frame to carry the machinery and a conveyer belt 
able to move more than 30 tons of vehicle, a 
combination of chemicals, high pressure and 
mechanical friction ensures a thorough clean. 

The first automated car wash as we know it was 
opened in19511n Seattle, and since then the 
industry and technology involved has developed 
exponentially. The modern tunnel car wash 
includes thousands of moving parts, various soaps 
and waxes, and regulators, sensors and gauges to 
effectively wash the car without damagingit. An 
effective car wash can remove insects, bird 
droppings and grease from the surfaces of the 
vehicle in justa few minutes. 

The process generally starts with pre-soakers, 
usually with a mild alkali first and then rinsing 


Inside an 
automated 
car wash 


The complex conveyor belt 
of automated machinery 
we use to clean our cars 


Which wash? 
Al the entrance, the 
customer can select 
aspecific cleaning 
programme, 
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Conveyor 

The customer then 
drives into the tunnel, 
where the conveyor 
erabs.and immobilises 
the front lethwheel, 


witha mild acid. This is followed by the addition of 
detergents to deep clean. The main section 
contains two to five brushes known as ‘scrubbers’, 
and at least one is positioned horizontally to clean 
the top of the car. Awax is added to conserve the 
paint on the car and protect it from scratches and 
UV light. 

Though itis.a hydraulic powersystem that 
moves the frame and rotates the brushes, itis the 
computer system that controls the process. Some 
of the process 1s pre-programmed, suchas to 
increase the speed of the brushes when passing 
the front of the car, as it tends to gather the most 
dirt. Other parts of the car wash rely on sensors 
and the feedback from them, such as photoelectric 
systems that are responsible for positioning and 
contouring detection. In the final drying stage of 
the car wash, the computer repeats the movement 
of the brushes memorised from earlier stages. 


Foam 
A bi-directional nozzle 
at the start ofthe 
hinnel sprays the car 
withactive foam to 
de-prease the vehicle. 


Firstrinse 

The following 
nozzle rinses the car 
with clean water to 
remove mostatthe 
dirtand debris. 





Cleaning the tyres 


ASE ee ‘al tyre 


applicators administera 


specialised formula that 
larfets brake dustand 
build up from the surface 
oi wheels and tyres. 




















a 
= 


Under-car 
Y cleaning 
| Nozzlesinstalledin 
the floor al the 
tunnel cleanthe 
underside of the car. 
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Brushes 

The scrubbers brush 
[he car using 
proximity sensors to 
ensure firm contact on 
the surface of the car. 


Waxon 
Another gate sprays 
the vehicle witha 
Wax compound to 
make the vehicle's 
bodywork shine 


Drying off 

Large dryers blow hot alr to 
dry the car, sometimes in 
combination witha vertical 
cloth-strip curtain to dry 
rhe vehicle. 































Detergents and fast-spinning 
aU eee eee eee a | eer 


® jeaves the tunnel squeaky-clean 


r 


Wore ees Washing systems 
eee tend to be faster than 
= automated tunnels 
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=== AMAZING ANSWERS TO CURIOUS QUESTIONS 


eee ith ei 
commercial gliders can be 
as high as 60 





These engine-free vehicles have more in common 
with paper planes than you might expect... 

nits basic form, a glideris an aircraft with heavy-duty road vehicle. Once the glider gets 
| engine, so they fly differently from up to speed, the wings come into their own, 


_»powered aircraft due to the forcesinvolved. and the aircraft can take off. Alternatively, 
When flying, a powered aircraft hasfourforces hang-glider pilots can run and jump offa hill or 


acting on it: lift, drag, weight (related to cliff toe start their flight. 

eravity) and thrust. Without an engine, gliders Really, the process of gliding is avery, very 
have nothrust,sotheyneedtofindotherways — slow fall towards the ground. The speed of that 
to generate speed. Key to this are a glider’s descent is defined by its glide ratio, which tells 


wings -because they aresolong, they generate you howfara glider can fly versus how much its 
huge amounts of lift, morethanenoughtohelp altitude will drop. Hang-gliders have a glide 
counteract the effect of gravity. ratio of around 15, which means that they can 

The glider needs some helpto getintotheair, fly forward for15 kilometres for every one 
though. There are two common waystolaunch: kilometre of lost height. Commercial gliders, 
either by towing it behind a powered plane asit sometimes called sailplanes, descend much 
takes off, before releasing it at altitude, or by more slowly than hang-gliders —in fact, their 
rapidly winching along byacableattachedtoa glide ratios can be as highas 60. 















Cloud markers 
Glider pilots can often spota 
thermal by the presence of 
| Cumulus clouds. These form 
| Where the moisture inthe 













. Up, upandaway! 
' Risingalr provides the elider 
If with lift, allowing them to 
increase their altitude, 











Hot air rises 

Airis rarely the same 
temperature everywhere. 
Thermals are columns of 
warm, rising alr, caused by i 
sunlight heating the ground. 





| f 

aa: f # Gliding down Staying up Urban heat isla nd 
, , Outside ofa thermal, the The acceleration during ir Urban areas tend to radiate 
/ . 7 glider will hegin to descend descent allows the alidet aapers hea than rural ae amy 

/ once more, As the glider to penerate the lift needed ! | so glide! Sr STR Eee URE 
falls, it starts to accelerate, to support its weight, . thermal and rise dealt. 
f § é 
f I 
f i 
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“—~The busiest 
shipping lanes 


Neier 


1. Dover Strait 
| Thisis the busiest 
Bea Way in the 


5. Florida Straits 


eS 
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This waterway a + 
world, serving over aie ' ge 
} provides access to the : : #; * 5a 









sooships perday. 


ar 


Gulfot Mexico for US 
cargoand oil tankers, 


| pf eB! — : =i . ie tian a 
: | he ; pon. Tl 
Peewee) 2.PanamaCanal = ff 
peewee) 1 iS 7 y-Kilometre long 
ae) canal. with locks ateach 














































m) end. connectsthe Atlantic | ae Pry ieee yk 
me) and Pacific Oceans. ‘ag cere — ani ee, ae 
ge el a. | 4. Strait of Magellan | rmuz | 
j ibe | This strait allows ships f One third ofall the world’s 


rounding South America 
} to avoid the treacherous 
es ters of Cape Horn, 


oil transported by sea 


rs me | 
passes through this strait. 


What are shipping lanes? 


go per cent of the world’s goods are transported by sea, so howis the traffic managed? 





tis estimated that in 2007, retail giant 

Walmart imported an average of one 

shipping container to the US from China 
every minute. That year alone, over 4,500 
ships carried 18 million shipping containers 
between the world's ports. These ships are 
all concerned with reaching their 
destination in the shortest time and with the 
lowest fuel costs, so certain routes can get 
extremely crowded. 


In the English Channel there isa 
contraflow system, which means that ships 
travelling south use the English side of the 
channel and northbound traffic uses the 
French side. This is enforced by the Dover 
Strait TSS, a radar-controlled traffic 
separation scheme operated by the 
International! Maritime Organisation. 

Sea lanes began with the trade routes used 
by sailing ships that exploited the prevailing 


winds across the oceans. Although modern 
cargo ships use engines, today’s sea lanes 
mostly follow the same routes because rough 
seas can still cause expensive delays. Close 
to the shore, shipping lanes are routed to 
ensure there is enough depth of water for the 
huge cargo vessels, Smaller, more 
manoeuvrable boats normally keep out of 
shipping lanes to reduce the risk of collision 
with these commercial leviathans, 


i? 





How do cat's eyes wor 


Discover exactly how these reflective patches mark 
out a driver's route in the dark 


nvented by YorkshiremanPercyShaw, end coated withan aluminium mirror. As 
the light from a vehicle’s headlamps enters 
the front of the glass beads, it bends 
slightly, reflects off the mirrors, and 
bounces back into the driver's eyes. 

Cat's eyes are ultra-durable too. The 
mirrored beads are set into a tough rubber 
dome, which is surrounded by aring of cast 
iron. Ifa vehicle drives directly over it, the 
rubber dome briefly sinks into the road, but —— ; 
bounces back unscathed. Cat's eyes can be ee 
produced in any colour - white, yellow and co eee 


simplest, power-free way 
green are the most common. Rena esse cee 


‘cat’s eyes’ are reflective markers found 

on roads across the world. Their name 
was inspired by the eerie glow given off by 
the eyes of cats and other nocturnal hunters 
when a light is shone on them. In cats, this 
reflectivity is due to a layer of silvery-green 
tissue at the back of their eyes— as wellas 
reflecting light, it also helps cats to seein 
the dark. 

To reproduce this effect, cat’s eye road 

markers use two tiny studs, made from 
lozenge-shaped glass beads that have one 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


Why do leaves 
on the line 
affect trains? 


There is a legitimate reason 
behind all of those delays 


leaves, poised to fall on railway tracks every autumn 

and cause delays and frustration for commuters. 
That's because when trains flatten the foliage, they leave 
behindaslimy muck, whichis similar to Teflon -the 
non-stick coating on saucepans. To avoid wheelspin, 
train drivers have to brake early and accelerate gently, 
and this safety precaution leads to delays. 

To help combat this problem, modern trains are fitted 
with wheel slip protection, which operates just like 
automatic braking systems on road vehicles. Thesystem 
monitors the rotation of each axle, and ifone happens to 
be spinning faster than the other, the brake is then 
released until the speed equalises, then the brake is 
reapplied to the wheels. 

Trains can also spray ultra-fine sand ahead of the 
wheels to help aid traction, ora fleet of Railhead 
Treatment Trains can do the same thing ona larger scale. 
They spray high-powered jets of water along the tracks to 
clearthem, then apply an adhesive paste -a mixture of 
sand and aluminium called ‘sandite’ - on the lines to 
improve grip. These trainsrun during off-peak hours to 
get the tracks cleared for the busiest commuting times. 


I fF nthe UK, a mature tree has between 10 and 50,000 


ri = 
ee 


Wheelspin is a - 


common problem 
ere bt 18 ed 


leave on tracks 


eet ae ate eeiea its | 
complete 500 jumps before) 
they can fly with a wingsuit, 








‘ fter leaping out ofa plane, skydivers fall 
a i to the ground at almost 200 kilometres 
/. © sper hour, making their entire descent a 
bit ofa blur. However, by putting on some clever 
parachute-like clothing, they can slowdown 
their dive and regain some control, enabling 
them to soar horizontally as well as vertically 
and perform some impressive aerial acrobatics. 
By wearing a wingsuit, askydiver transforms 
themselves into a giant wing, with their body 
acting asthe rigid framework, and the fabric 
between the legs and beneath the arms creating 
a large horizontal surface, or airfoil. After leaving 





150 How It Works 





wingsuits work? 


Fly like a bird with a soaring suit anda little bit of science 


the plane, the jumper’s weight pulls them down, 
butas they spread their armsand legs, air 
resistance created by the airfoil generates lift, 
slowing down their rate of descent. To glide 
horizontally, the skydiver must then bring their 
arms ina little and keep their head low in order 
to reduce the amount of drag, the force that 
opposes forward momentum. 

While the suitis able to slow their descent to 
less than 100 kilometres per hour, this isn't slow 
enough for asafe landing, and soa parachute 
must be deployed to reduce speed before they 
reach the ground. 


Thin ketock, Gerry 
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How does the Sailrocket 2 work? 


Find out how this boat hits such high speeds on the high seas 
























The design of the 
Sailrocket 2 
perfectly balances 
forces for speed 








record breaker 
The innovative design 
behind this speedy 
sailboat 


Pods 

The three floats that 
support the boat on the 
water have very low drag 
at highspeed. The back 
and leeward flat (under 
the wing) rise out ofthe 
water when the boat 
reaches high speeds. 


Beam 

The beam keeps the 
fuselape, foiland the 
sail apart, whichadds 
extra stabilityand 
prevents the boat from 
leaning. This means 
thatalloalthe energy is 
focused on speed, 


Wink 

Super light and strong, the wing 
lor sail isasymmetrical asthe 
boatis only needed to po inone 
direction. Like the foil, itls tilted 
ata 30" anple. The horizontal 
extension atthe base isto aid 
liftingand distribute pressure. 


‘ hen it comes to going super 
fast on water, powerboats are 
usually the go-to craft. 

However, there's one sailboat out there 
that is capable of achieving breakneck 
speeds of 65 knots (120 kilometres per 
hour) using wind power alone. It’s called 
Sailrocket 2, and it's the brainchild of 
Paul Larsen, based on designs originally 
by an American rocket engineer in 1917. 
The Sailrocket 2 is an aerodynamic 
mixture of plane and boat. Its ingenious 
design relies on a mixture of forces to 
keep it stable and to transfer the energy 
from the wind (that would cause a normal 
boat to capsize) into extra speed. 
_ The cockpit (fuselage) sits parallel to 


-Ahe sail, attached by a horizontal mast. 
- The sail is at a 30-degree angle to the 


























water, and protruding from the cockpit is 
a bent carbon-fibre keel, or foil. The whole 
boat sits on the water atop three pods. 

The foil is the real genius in this design; 
it’s tough but thin, and helps to create 
minimum drag while stabilising the 
entire boat. It also counteracts cavitation 
(bubbles that cause drag) using a wedge- 
shape design that reduces the friction in 
the water caused by the phenomenon. 

When the boat hits 50 knots (92 
kilometres per hour), buoyancy is 
replaced by hydrodynamic lift. Two of the 
boat's pods lift out of the water, and it 
glides on pockets of air trapped between 
the pods and the water. The foil keeps it 
stable, allowing the Sailrocket 2 to reach 
record speeds, and blowing all other 
sailboats out of the water. 






Foil 

Setatazo angle inthe water 
and parallel to the wing, the 
foil provides much-needed 
stahilityin the water. It's 
made of carbon fibre, and the 
forces of the foil and the sail 
line up forextra speed. 


Fuselage 
The fuselage and the beam 
areanpled at2o0° to the 
direction of travel -—this isso 
that it points into the 
direction of the ‘apparent’ 
wind at highspeeds, 

' increasing stability and 

reducing drag. 


Be ees tle 


esa through the water, cavitation 





bubbles form at the’ blades 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


How does the 


Falkirk 


The ingenious engineering behind 
the world’s only rotating boat lift 


. espite appearances, the Falkirk 
Wheelis actually a lift. It can 

e transport six canal boats 25 metres, 
between Scotland's Forth and Clyde Canal 
and the Union Canal below it. Up untilthe 
19308, boats would have to pass througha 
staircase of 1 locks. Navigating this passage 
took nearly an entire day, as travellers had to 
open and close 44 different heavy gates 
before they could reach the other side. 
Nowadays, the trip can be done in just15 
minutes, thanks to the futuristic-looking 
Falkirk Wheel. 

Opened by Queen Elizabeth [lin 2002, the 
world’s first rotating boat lift features two 
large tanks of water called gondolas, which 
carry the boats up and down between the 
two canals. Each end of the gondolas sit 
inside a ring, which rotates to keep them 
levelin the water as the wheel turns. 
Without this system, the inertia -— would tip 
them over. 





| 


152 How It Works 





- a 
; co 1 


7 5 a a F + haa: zi- ‘ asi <a 
Re es Ale ea aut) mare) fel; erielttala Waterto 


Tillan Olympic swimming pool 





eel work? 


























The wheel's clever lifting system works 
because of Archimedes’ principle: objects 
displace their own weight in water. 5o when 
a boat enters the gondola, it displaces the 
same volume of water and enables the 
gondolas to remain balanced. To be on the 
safe side, asystem of electronic sensors 
monitors the water levels to ensure they 
remain constant. The Wheel is so balanced 
that a halfturn requires just 1.5-kilowatt 
hours of energy - the equivalent of boiling 
eight electric kettles. 

Operation of the Wheel is conducted from 
a control room nearby, and thisis where the 
rotation direction is set. Itis able to tum 
clockwise or anticlockwise, so the operator 
evenly distributes the number of times it 
turns each way in order to reduce wear on 
bearings and other moving parts. 
Incidentally, the structure contains over 
15,000 bolts, each of which were tightened 
by hand. 


xs 


How do boats move from one canal 
to another sitting 35 me es below? 


Onward journey 
The space between the two 
hydraulic gates is filled with 
Waller, then the gales are lowered 









toallow the boatto passthrough. | 








Locked in place 
When the gondola 
reaches the bottom, a 
| hydraulic clamp locks 
onto itto hold itin place. 
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Free to move Watertight seal 


The water between Once tne boat is 





















the gates is pumped out Inside the gondola, two 
andaseries of hydraulic hydraulic Sleel Rales are 
Clamps, which prevent raised to seal it off from 
the wheel from movine, The water intoe canal, 


are removed, 









spinning gears 
A fixed central cog turns 
the outer rings attached to the 
pondolas, via two smaller cogs 
situated between them. 

















Central axle 
Anarray often 
nydraulic motors 
begins lo rotate a 
centralaxle, whichis 
Caltied on bearings at 
a) both ends, 











Perfectly level 
The two smaller cops 
rotate in the opposite direction 
lo the outer rings, ensuring 
Lhat the two pondolas remain 
level as they move, 


4 Et a ean Mack, Wlustta 
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How do trams work? | 


Hop aboard and discover how these green vehicles stay on track 
a “ae > 





yop) he first trams were powered by horse and then 
~ steam, but the systems we have today are driven by 

—» electricity. Each tramcar has along pole on its roof : t fens SE aig Pari tee at 
called a pantograph, which uses a spring-loaded mechanism a a ) he overhead are ae a, | 
to maintain contact with an overhead wire, called a eee CHUM That la) 
catenary, running above the track, An electric current ig Eo, 
flowing through the wire is passed down the pantograph 
and to the tram’s motors, which drive the wheels to keep it 
moving. To control the speed of the vehicle, the driver simply 
adjusts the amount of electricity that reaches the motors, 
increasing it to go faster, and decreasing it to go slower. 

After flowing through the motors, the electricity is passed 
through the wheels to the rails of the track, where it flows 
back to the main power supply to complete the electric 
circuit. If any part of the circuit breaks, such as ifthe — a _— Se ! 
pantograph loses contact with the catenary wire, or the ae a: Flectric-powered trams are 
wheels come off of the track, the flow of electricity will stop —— ——— aici ida 
and so will the tram. » eeeeea 














How do you balance 
ona unicycle? ent 


_— Centre of O  raiie 

force ss " mass ea Ri 

Contact with Weight needs to be ro pulldown 

Get a handle on the forces that theground { eveniydistrbuted ||) the unicycle 
keep you upright On) one wheel the unicycle. 3 otaaes, eas | 


sl 
| 


yoy, o balance ona unicycle, you have to keep 
| pedalling. It's Newton's first law: an object in 
motion tends to stay in motion. Maintaining 
balance, however, is the hard part. 

Three forces are at work here: gravity, contact and 
friction. Gravity pulls the unicycle down and contact 
force with the ground pushes back. The surface that 
the unicycle is moving along exerts friction, which is 
what allows the unicycle to balance, speed up and 
slow down. The rider has to keep perfect posture, in 
alignment with the frame of the unicycle. Assoonas 
he starts to tip, he will fallas he isin unstable 
equilibrium. However, he must tilt his body to move, 

In order to go forward, the unicyclist leans forward. 
This means changing the point of contact to maintain 
the centre of gravity, which means continuous 





Displacement 





as atthe unicvelist iT. spo 
pedalling. He also has to countersteer to turn. This leans forward, he } Friction 
Fiesta ‘ ; ; eB i) Surface [rl 
means moving in the opposite direction to where he ie in scheme fae sees Sia foe 
OUST DEtdl CO ee 
wants to go. To make a left turn, for example, he first from falling, unicycle to move, 








steers slightly to the right so that he can lean tothe 
left. It’s a juggle of forces worthy of a circus. 
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Markings Rolling along the open road 
Once the layers have 3 
coe hel | We only see the dark surface, but 
compressed and : Aspha lt roads are layer cakes of rock and tar 
cooled, paintis used _ » Thisisactually two 

toapply markings. materials mixed 

together: tar, tak 
mi) bitumen or pitch, sub-base 


ss =e crushed 
concrete used in this 
layer is usually 
recycled material! 

| collected froma 
demolition site. 


em mixed with gravel 












| Base layer 
This layer of finely 

crushed rock contains a 
| waste productofsteel | 
ae) production called slag. 


What makes up a road? 


The construction process is more complex than you might think 








| Sub-grade 
H Theexposedsoil is 
compacted by 

— » repeatecdiydriving 
aver itwitha roller 










tis believed that the first roads paved Vehicles are heavy —a typical family car layer of finely crushed rock mixed with 

with bricks were constructed in the weighs well over a ton —- which means that asphalt and slag, which isa waste product 

Indus Valley more than 5,o00 yearsago. roadshavetobetoughenoughtowithstand  fromsteel production. Then comes the 
Today, there are enough roads on Earthto the stresses involved. That's why the load is smelly stuff -the binder and surface 
circle the planet over 600 times, but bricks spread over four layers. At the bottom is the materials, collectively called tarmacadam. 
are no longer the material of choice when sub-grade - this is the local soil that is The ‘tar’ is the hot, sticky black substance, 
creating new roads. In fact, the roads of compressed witharoller. Next, youhavethe and ‘macadam’ is the gravel that is densely 
today are built using layers of many sub-base, typically made from crushed packed into the tar using a roller. Once it has 
different materials. concrete, The base comes next - another cooled down, the road is complete. 


How do trains change tracks? 


The simple switches that let trains reach 
different destinations 


Changing tracks Straight ahead smooth journey 
5 1 Theswitch point is made Inthe ‘off position. the switch Trains can safely switch 
Switch motor SE ee eae Lege ee ees Fe So ate 
The motoris usually hydraulically or from two tapered rails rail is positioned so thatthe between two tracks without 
stan a Bl ati =] : ay euies d Ee ogee that are moved between wheels can move straight having toslow down orstop. 
satu ordi aaest alana setae Monier ata intersecting train lines, ahead, on the ‘mainline’, 





the switch to the correct position and 
holds it there as the train passes over 






— =< = = 





= a 


a ey a ll 





ne 


a 





: 

* Flick the switch Changing direction Wheel guides 3 
as Mi hienatrainapproaches Inthe ‘on’ position, the Train wheels have an innerrim E 
aswitch point, the switch rail moves so that the that is larger than the rest of the e 

remote signalling centre wheel rim is euided Wheel_lItsitsinside the railand 3 

sends a message toa between itand the fixed rail, helps it change direction, zs 

motor atthe point. diverting tt offthe maintine, 
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AMAZING ANSWERS TO CURIOUS QUES TIONS | 


How do you stop a speeding car? 


| Speeding car 

] High-speed chases 
can last hours andare 
very dangerous, $0 
olficers use the 


precision 


iimmebilisation 
hechnigue | PIT) to 
stop the fugitive’s car, 


% Dreamstime 


156 


In pursuit 

The police officer 
bepfins the manoeuvre 
by aligning the front al 
their car with the back 


ofthe car being chased, 
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Losing traction 
Therearwheels lose 
trip against the road, 
seriding the suspect's 
car inte a slid, 


Sharp tum 

) The pursuing officer 
(hen steers their car 
sharply into the side of 
the fupitive’s vehicle, 
making them spin. 


| Endoftheroad 


The fugitive either 
lets (he car spin outol 
control, or resorts to 
braking, ending the 
chase either way, 


Keep turning 
The officer continues 

| toturninthe same 

| direction until they 

| are clear ol the car, 

| preventing the 

| criminal from 

| correcting the skid. 





ire of VTOL aircraft? 


he huge cargo containers that travel the world on enormous 
ships are currently passed onto large trucks when anton aeetaa 
port, and driven to their final destination by road. However, British 


company Reinhardt Technology Research (RTR) believes it would 
ultimately be quicker, cheaper, and more environmentally friendly 
to fly them instead. as 

The company has recently designed the TU 523, a vertical 
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ilies adele tel eM g Re elem idem ollie) de lems (cial ie] cel to e-10)e) 5) by 
power to a series of electric turbines on demand, which can tilt 
horizontally and enable vertical take-off and landing. 
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scaled model of the TU 523. is will then develop a full-scale version 
over the next three yea rs, which can be mass-produced at a 
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What are 
GHOST ships? 


ra Af Pinimising draq ij Is an important consideration 
L¥ ‘when designing ships, as friction between the 
vessel and water reduces efficiency. Juliet Marine 
systems (JMS) Inc has tackled this problem by 
incorporating innovative tech into its demonstration 
ship called GHOST. 

This twin-hull ship has two wing-like struts, the end 
of each strut features a submerged tubular hull 
containing the propulsion system. Whereas a 
conventional propeller vessel leaves a trail of foam, 
GHOST's unique design redirects bubbles to surround 
the twin hulls with pockets of gas. This effect is 
known as supercavitation, allowing the boat to glide 
through air rather than water. 

GHOST's wings can be repositioned to lift the main 
cabin above the water. Rising above the bumpy waves 
ensures a smooth ride, protecting the crew from 
impact injuries and sea sickness, while also improving 
the stability and accuracy of onboard sensors and 
weapon targeting. 
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Mi any airlines will now allow travellers to with aircraft communications, flight control 


use phones in-flight following a or other onboard electronic equipment. 
relaxing of regulations. There was never much clear evidence of this, 
Previously, there were concerns that radio but the introduction of new technologies has 
signals emitted by phones could interfere minimused the risk of further interference. 


How do we fill tyres 

te sme | a 
with nitrogen: 
“OP hile we typically fill our car tyres with regular 

yy air, Formula 1 teams and even airlines fill their 
Vehicles’ tyres with pure nitrogen, They do this to 
boost performance and reliability, so should we be 
doing the same? 

The air you pump into your tyres is actually mostly 
nitrogen anyway - 78 per cent of it to be exact - but 
it's the other 22 per cent that is the problem, Less 
than one per cent is water vapour, which at very low 
temperatures, such as those at high altitudes, and 
very high temperatures, such as those created when 
driving very fast, can freeze or expand to make the 
tyre pressure unstable, For normal driving though, 
this shouldn't be a problem, so dryer nitrogen won't 
make much difference. 

However, air is also 21 per cent oxygen, and as 
oxygen molecules are so small, they leak through 
the tyre rubber over time. Nitrogen molecules on the 
other hand, are bigger, so they stay inside the rubber 
for longer and mean you have to get the tyres 
pumped less often. 
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Why can't yOu your phone on airplanes? 


Picocell devices act as a mini cell tower on 
a plane, collecting signals from phones on 
board and beaming them down toa 
communications satellite or base stations 
that reside on the ground. 
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Why does airplane food taste so bad? 

VY t's challenging enough to serve up meals Dry air and low pressure reduce the lass sensitive to smells, which are ultimately 
.in flight, but these can seem even more sensitivity of your taste buds to sweet and very important in our perception of taste. 

unappetising due to the effects of low salty flavours in foods = although bitter, sour The loud humming you hear while travelling 

humidity, lower air pressure, and background and spicy foods are less affected. Dryness on planes has also been shown to make food 

noise on our sense of taste. affects our nasal passages, making us a lot seem blander. 


j 
5 


| 


| 





- a — 





How It Works 159 


SUBSCRIBE ANDSAVEUP 10 747 
Every issue of your subscription, delivered direct to 
your door. Print & digital editions available. 
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NEAT STORAGE 


Store up to 13 issues of your magazine subscription in a coordinating slip case or ring binder. 
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From photography to music and technology to field sports, 
there’s something for everyone. 
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Our magazines and binders make perfect gifts 

too. And don’t worry if you’re not quite sure which 
titles they'll enjoy the most because we have a 
great choice of gift vouchers available to buy. 
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ee another of our great bookazines 
From science and history to technology and crafts, there 
are dozens of Future bookazines to suit all tastes 
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you buy direct from us not available anywhere else Ssuper-safe ordering 
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Were Deore peahdoloeié monsters? What was the bigvest sloth? Wy hat vill the future look like? Could polar bears relocate? 
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What 1s a soybean plant? How ts nitrogen put in tyres? Whatis the sunmade up of? Who chose America’s symbol? 
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How hard is brain surgery? What are Earths land habitats? Cannew tech fight fires? Whatare VTOL airehatt? 
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Satisfy your curiosity with amazing answers to fuel the 
imagination. Discover incredible ficte: and information about 
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